The economics cathodic protection 


demand stable 


pipeline coating 


aen considering the installation 

Cathodic Protection for pipelines, 

important select pipe protection 
whose underground electrical insulating properties are not affected 
varying moisture content the soil during changes season, weather 
time itself. Obviously, the correct amount electrical current 
cannot varied continually compensate for the fluctuations 
current required. 

Barrett Coal-tar Enamels possess this all-important stability high 
dielectric strength. Because their resistance moisture absorption, 
they provide constant, uniform and long-lasting stable insulation. 

Coal-tar Enamels, applied the modern mechanical methods now 
use, and electrically inspected, assure the proper continuity stable 
insulation—and require less current and smaller capacity equipment 
make Cathodic Protection economical. 

The effectiveness Barrett Coal-tar Enamels preventing corrosion 
conjunction with Cathodic Protection has been established through 
years service all types soil and climatic conditions. dependable 
guide engineers when designing corrosion-proof pipelines. 


FIELD SERVICE: The Barrett 
Pipeline Service Department 
and staff Field THE BARRETT DIVISION 
men are equipped to provide 
ical -the- 
40 Rector Street, New York 6, N. Y. 


Barrett Enamel. 
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Corrosion Exhibition 


MUNICIPAL AUDITORIUM 
and 
HOTEL PRESIDENT 


Kansas City, Missouri 
May 7,.8, and 1946 


Program Pages and following, 


This number 


For details address: 
STERRETT, Executive Secretary, 
National Association Corrosion Engineers 
Southern Standard Building, 


Houston Texas 


For Hotel reservations write: 


1030 Baltimore, 3rd Floor, 
Kansas City Missouri 
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Against 


Nature develops protective coatings for her The humble 
onion example. the onion bulb maturing, the upper part 
the leaves, dry, shrivel, and twist tightly together. 


Inner portions are thus protected from shearing 
action the soil, from discoloration, from 


Man also uses similar protective methods apply- 
ing NO-OX-IDized wrapper, which envelopes pipe 
lines laid through highly corrosive soils. Used with 
NO-OX-ID, the original rust preventive compound, 
NO- OX-IDized wrapper resists soil action, reinforces 
the coating, and bars corrosion. Write for details. 


The ORIGINAL RUST PREVENTIVE! 


born Chemical Compa: o” 
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Magnesium Anodes 


for Cathodic Protection 


New light the control galvanic 
corrosion has developed from work 
now progress Dow the use 
magnesium anodes for cathodic 


protection. 


The Dow research program date 
covers long series laboratory 
and field tests and has produced 
some very interesting data. 
rapidly this information can 
prepared for publication, will 


made available. 


Tests pipe lines, steel foundations, 
underground tanks, and metals 
contact with sea water indicate that 
galvanic corrosion can materially 
reduced use expendable 
external anodes magnesium. Be- 


cause its high electro chemical 


MAGNESIUM DIVISION 
THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


New York Boston Philadelphia Washington 
Cleveland Detroit Chicago St. Louis Houston 


San Francisco « Los Angeles « Seattle « Tulsa 


equivalent and its high driving volt- 
age, magnesium logical material 


for this purpose. 


Replaceable magnesium anodes, con- 
nected structures protected, 
show marked effectiveness supply- 
ing the current demanded cath- 
odic areas, correspondingly reducing 
the rate which anodic areas 


the structures are dissolved. 


Results date indicate the potential 
usefulness magnesium anodes 
the practical control galvanic cor- 
rosion industrial scale. Dow 
invites industrial concerns 
with corrosion 
problems contact the nearest Dow 


office for literature consultation. 
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simplify ordering pipe coating and 

wrapping, Pipe Line Service Corporation offers you the 
easiest specifications you could ask for. You indicate either 
“Specification together with the 
coating material desired and PLS does the rest. When you 
consider that you can get any type protection you want, 
just good business let Line Service assume the 
complete responsibility for the finished job. 


PROTECTIVE COATING 
MATERIALS AVAILABLE 


INCLUDES 

(1) Mechanical cleaning. 
*(2) Mechanical priming with desired primer. 

(3) Hot application of desired coating. 

(4) Hot application of desired coating. 

(5) One spiral wrapping of desired wrapping material. 
(6) One spiral wrapping of heavy kraft paper. 


INCLUDES 

1) Meehanical cleaning. 
Mechanical priming with desired primer. 
Hot application of desired coating. 
Hot application of desired coating. 
One spiral wrapping of desired 

wrapping material. 

Hot application of desired coating. 
One spiral wrapping heavy kraft paper. 


OTHER MATERIALS AND SPECIFICATIONS REQUEST 
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at: GLENWILLARD, PA. LONGVIEW, CORPUS CHRISTI, 
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FROM SHUT-DOWN PLANTS 


Idle equipment and machinery 
are invitation rust. Protect 
your investment with complete 
program RUST-BAN rust pre- 
vention. There’s RUST-BAN 
protective coating for every 
use from paints for 
outside use and 
heavy machinery fine oils for 
tiny machined parts. RUST-BAN 
products meet Government 


specifications for application 


RUST-BAN First Line Defense Against Rust 


Rust-Ban sold and marketed Texas 


OIL REFINING COMPANY 


UMB 


REG. 5. PAT. OFF. 


Government-owned equipment. 
RUST-BAN protects against cor- 
rosion during storage and keeps 
equipment shape for use 
notice. 

your plant shut-down pre- 
sents unusual problems, write 
your nearest RUST-BAN mar- 
keter. Service Engineer will 
study your problem and make 
complete recommendations 


without obligation your part. 
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with Dresser Style Fittings... 


STOP CURRENT 


this Insulating Coupling 


CONDUCT CURRENT 


through these Armored Gaskets 


Corrosion—wherever almost 
always electrochemical nature. gas 
service lines, for example, leakage elec- 
tric current from homes may cause corro- 


Dresser Style 
SUPER-SERVICE FITTINGS 


—available with insulating 
gaskets Armored Gaskets. 


Typical swing joint, 
using Dresser Style 90 
Fittings with a Dresser 
Insulating Adapter Gas- { 
ket for connecting copper 4 
service to main. Adapter 
gasket provides for both 
electrolytic protection 
and reduction to copper 
tubing size. 


Armored Armored 
Gasket Gasket 


sion mains. Protection obtained (1) 
insulating services the main—or (2) 
draining current from mains. Thus, ac- 
cording piping design, either insulating 
conducting fittings are required. 

Dresser Insulating Couplings and Fit- 
tings (high resistance) and Dresser Cou- 
plings equipped with Armored Gaskets (low 
resistance) meet requirements any elec- 
trolytic cathodic protection system. 

addition, they are easy install (no 


exact pipe cutting, threading alignment 


are necessary), are tight, flexible and 
last for life the line. 

Dresser has complete line pipe 
couplings and fittings. Call write for 
help any pipe joining corrosion 
problem. 

DRESSER MANUFACTURING DIVISION 
Bradford, Pa. 
Texas: 1121 Rothwell St., Sec. 16, Houston, Texas 


In Canada, Dresser Manufacturing Co., Ltd., 
60 Front Street, West, Toronto, Ontario 


DRESSER 


ONE THE DRESSER INDUSTRIES for Small Piping 


| 
iping against 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


tection unit was installed 

near Elizabeth, New Jersey, 

for the Public Service Elec- 
tric and Gas Company, protect 132KV under- 
ground lead sheathed power cables. 

Operating silently without moving parts, the 
dependable Federal Selenium Rectifier this com- 
pact unit provides small, steady direct current 
which counteracts the corrosive forces the sur- 
rounding soil, and guards against interruption 
vital power supply industrial plants the area. 

For sure protection against galvanic electrolytic 
damage any underground power other metal 
installation Federal Cathodic Protection unit 
the logical choice silent safeguard against 
corrosion. 

Write today for booklet “Cathodic 
and Application Selenium Rectifiers”. get the 
full story this effective means protection. 


This Federal Cathodic Pro- 
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PIPE CLEANING, COATING AND WRAPPING 


Any Coating and Wrapping Specification 
HOUSTON, TEXAS 


Complete Re-conditioning Service For Old Pipe 
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Famous 


Beginning Sunday evening, Octo- 
ber 1871, fire raged through Chi- 
cago until checked rain day 
and half later. that brief time, 
five square miles property val- 
ued $200,000,000 were destroyed. 
Even then, slower, 
less spectacular form oxidation, 
but major threat underground 
and underwater metal 
had met its match. Bitumastic 
Enamel, the first product its 
kind, had firmly established its su- 


periority the protection steel 
and iron structures and has been 
unrivalled ever since. 


Impervious water, chemically in- 
ert, mechanically flexible under 
soil pressure pipe movement, 
Bitumastic Enamel gives maximum 
corrosion protection pipe lines 
under all soil and climatic condi- 
tions. Bitumastic Enamel further 
characterized high viscosity and 
excellent adhesion. 


WESTFIELD, NEW JERSEY 


Miami San Francisco Los Angeles 
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THIS Pulp Knotter Cylinder made 
Trimbey Machine Works Glens Falls, 
New York, has capacity tons pulp 
day and provides excellent example 
the strength, toughness and corrosion re- 
stand severe conditions service. 
For, with the exception the brass-en- 
cased shaft, every part made Everdur 
perforated screens, framework, cast 
spiders, and even the bolts and nuts. 
satisfactory has this manufacturer found 
Everdur, that this economical, long-lived 
metal also used for direct acting float 
valves and water valve plungers connec- 
tion with the Trimbey Automatic Consist- 


Everdur Pulp 


SCREENS TONS PULP 
PER DAY... 


ency Regulator; and for rotors and distrib- 
utors the Trimbey “Senior” Pulp Screens. 

When designing equipment for handling, 
mixing, converting, storing transport- 
ing corrosive abrasive liquids, solids 
gases, investigate the advantages offered 
Everdur. available rods, bars, plates 
and special shapes. Our Technical Depart- 
ment available for assistance with special 


problems. 45166-B 
*Reg. U. S. Pat. Off. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Conn. 
Subsidiary Anaconda Copper Mining Company 
Canada: ANACONDA AMERICAN LTD., 

New Toronto, Ont. 


4 
ne 
REG 


ENGINEERS 


SION 


CORRO 


CORROSION—NATIONAL ASSOCIATION 


your letterhead 


for 


Methods 


Scale and 


Control” 


Corrossion 


WATER 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


Typical example 
Stovepiping 
over the ditch. 


YES! THREE TIMES OUR FORMER PRODUCTION CAPACITY. HILL-HUBBELL streamlined 
modern factory methods are unique the industry. 


When you order Steel Pipe Protection, pipe sizes from nominal 30” OD, from 
HILL-HUBBELL, you know advance the exacting specification, the exact cost, and the date 
delivery. 


Whether few miles, hundreds miles, Pipe Protection, HAVE THE 
FACILITIES. For dependable time economy and permanent investment, order HILL-HUBBELL 
Steel Pipe Protection. 


SPECIFICATION 


ivision 


HILL, 
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with metals, this 40-page, 
illustrated booklet just what 
you need. 

tells you detail about many 
rust preventives and how 
get the most protection for your 
can help you save thousands 
dollars from the billion-dollar loss 
that Rust claims 

Write Shell Oil Company, Incor- 
porated, West 50th Street, New 
York 20, New York; 100 Bush 
Street, San Francisco California, 
for your copy. 


CLIP AND MAIL FREE! 


East of Rockies Rockies & West 
Shell Oil Co., Oil Co., Inc. 
West St. 100 Bush St. 
New York San Francisco Calif. 
Yes, we want to cut our Rust losses. Send—without 


any obligation on our part—a copy of your new 
40-page booklet on Rust prevention. 


Name 
Company 
St. Address 


City. State 


RUST PREVENTIVES 
COMPOUNDS 
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New Pipe Line 


GET PIPE 


line from Baytown Dallas, 
Texas, Fiberglas Underground Pipe 
Wrap will provide years low-cost 
protection. Lasting efficiency made 
possible the basic properties 
Fiberglas. 

Fiberglas Underground Pipe Wrap 
athin, porous mat long, fine glass 
fibers. The mat noncorrosive and 
does not cause corrosion contact 
with metals. acid, moisture and 
heat-resistant. The mat has adequate 
strength for high-speed application 
standard machine tensions. Its po- 
rosity allows air vapors escape, 
thus retaining continuous film 
coating. And its large surface area 
gives high pickup factor, permits 
more coating impregnant 
used given thickness mat. 

Write for the new booklet describ- 
ing Fiberglas Underground Pipe 


Wrap—for corrosion protection 
all types underground pipe lines. 
Owens-Corning Fiberglas Corpora- 
tion, 1958 Nicholas Building, Toledo 
Ohio. Branch Offices Principal 
Cities. 

Canada, Canada Oshawa, Ont 


Fiberglas Underground Pipe Wrap fur- 
nished length rolls 450 ft., 
standard widths from 18” 


FIBERGLAS wrap 


*T.M, Pat. Off. 


WRAP PROTECTION 
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Corrosion Yellow Brass Pipes 
Systems—A Study 


Polushkin 


Consulting Metallurgical Engineer, Associate Professor of Metallurgy, 
Stevens Institute of Technology, Hoboken, N. J. 


and 
Henry Shuldener 


Chemical Engineer, 


President and Technical Director, 


Water Service Laboratories, New York City 


PAPER describes the re- 

sults microscopic examination 
series brass pipes removed 
irom apartment and office buildings 
New York City, adjacent localities 
Long Island, and Philadelphia. 
They were selected typical ap- 
proximately 400 pipe specimens ob- 
tained over period five years 
during investigation corrosion 
hot-water installations. part 
the investigation reported this 
paper and includes brief history 
the pipes, description their in- 
side surface and microstructure, and 
study the effects corrosion, 
with particular reference 
structural aspects local 
tive dezincification. 

Although the bibliography the 
corrosion brass pipes quite ex- 
tensive, refers almost entirely 
corrosion sea water. The authors 
helieve that their examination 
this series pipes, which had been 
subjected the corrosive action 
fresh water for various lengths 
time, may throw some additional 
light the problem corrosion. 


Pipes Examined 
The pipes were made differ- 
ent manufacturers and their size 
range from inches nomi- 
nal inside diameter, the majority 


being within inches. They can 
divided into two groups accord- 
ing chemical composition: (1) 
per cent and (2) with copper con- 
tent per cent. The first 
group (pipes made Muntz metal) 
comprises pipes and the second 
(pipes made high brass) com- 
prises pipes. 

The pipes had been service 
various locations the hot-water 
systems the buildings involved. 
Some were taken 
lines the basement, some from 
and some 
from vertical risers. The distance, 
terms feet pipe, the speci- 
mens from the hot-water generator 
was less than feet and often 
100 300 feet. the majority 
cases the water-heating equipment 
was provided with regulator 
limit the temperature the hot 
water supply. The normal range 
temperature pipe systems this 
kind 100° 160° 


Water Supplies 
The average chemical composition 
the water supplies carried the 
pipes shown Table evalu- 
ating the corrosiveness natural 
water, four factors are considered 
prime importance; namely, hard- 


Copyright, 1944, by the American Institute of Mining and Metallurgical Engineers, Inc. 
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TABLE 
Typical Analysis Municipal Water Supplies* 
New York | Jamaica, | Rockaway, 
City N.Y. Philadelphia 

Magnesium hardness as CaCOs...........00+2000e% 16 32 13 22 
Total alkalinity as CaCOs........... 24 30 9 24 

Chlorides as Cl..... 2 17 8 5 
Sulphates as SO... . 8 40 8 30 


* All figures parts per million except pH. 


ness, alkalinity, and silica con- 
tent. The waters listed Table 
are characterized relatively low 
hardness, low alkalinity, low 
and low silica content. The waters 
lower and higher CO, content 
are more corrosive. characteristic 
all these waters that they 
not deposit protective mineral 
coating waters with high bi- 
carbonate lime content, which 
would reflected water analyses 
high hardness and high alkalinity. 
Therefore, the inside surfaces 
pipes through which these waters 
flow are exposed the corrosive at- 
tack the free oxygen and carbon 
dioxide dissolved the water. 
The oxygen content the waters 
involved was about percent 
saturation for atmospheric pressure 
and the temperature the cold wa- 
ter entering the hot-water systems. 


Lengths Service Pipes 


The lengths service the pipes 
examined are given Table II. 
should noted that these figures 
not necessarily express the full 
service life the pipes because 
most the pipes were removed for 
the purpose our examination with- 
out consideration whether they 
serviceable. Moreover, 
some sections pipe, practically un- 


affected corrosion after relatively 
long service, are not always typical 
the entire piping system the 
building. other words, was not 
unusual find some specimens 
building badly dezincified and 
other adjacent near-by sections 
sound condition. should also 
noted that the actual service life 
the pipes controlled local cor- 
rosion (plug type), the rate which 
much more rapid than that 
general corrosion that pipe walls are 
completely pierced before general 
corrosion has proceeded very far 
(Table II, pipes 50, 54, 66, 70, 93, 
101). 
Mineral Deposits 

The inside surfaces all pipes 
were covered with mineral de- 
posit, which usually had distinc- 
tive color. Below this there was 
layer cuprous oxide (sometimes 
discontinuous) directly bound with 
the underlying metal. The cause 
this superficial oxidation was in- 
terest, and order explain 
several new pipes were examined. 
Only traces oxide were found 
their inside surfaces and further ex- 
amination the used pipes proved 
beyond doubt that the oxide layer 
had been caused corrosion during 
their service. 


Surface imperfections such 


TABLE 
Pipes Examined 
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Figure 


Figures and 2—Muntz Metal. 200. 
Figure 1—Longitudinal section. Pipe No. 17. 
Figure 2—Cross section. Pipe 


small cracks, grooves pits were 
often found below the mineral de- 
posits, Although some these de- 
fects were insignificant from gen- 
eral viewpoint, they should con- 
sidered possible cause incipient 
corrosion because they can induce 
accelerate its action. 

some pipes the oxide layer was 
not found, but the metal was cov- 
ered with grayish black film, which 
protected the metal from oxidation 
(pipes and 65). This was evident 
from the condition bare spots, 
which had been attacked corro- 
sion where the film had been broken 
off. This film might 
formed during the manufacture 
the pipe the early stage serv- 
ice, the result water action. 


few unsuccessful attempts were 
made determine mineralogical 


_composition the deposits. They 


all failed because not enough powder 
could scraped from the pipe sur- 
face. 

Microstructure Pipes 


Specimens for microscopic exam- 
ination were usually polished two 
perpendicular sections, longitudinal 
and transverse, but for examination 


advanced corrosion the root 


plugs, tangential section (parallel 
geometrical axis pipe) was also 
prepared. The specimens were ex- 
amined before and after etching. 
Two etching reagents were general- 
used: (1) ammonium hydroxide 
with addition few drops 
hydrogen peroxide and (2) aqueous 
solution ammonium persulphate. 
the routine etchings alpha-beta 
brass was sufficient bring out 
the two constituents, but some 
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q Oo 


1946 


where the structural peculiari- 
alpha grains required devel- 
deeper etching with the 
reagents was applied. 

Polished sections containing large 
accumulations metallic copper re- 
special etching method. 
droplets ammonium per- 
sulphate solution were placed dif- 
‘erent points within the area the 
copper deposit, one after another 
intervals, that the time 
etching was different these 
After the reagent had been 
washed off and the specimen dried, 
the etched spots were examined and 
compared. this manner proper 
degree etching was determined 
without repeated repolishing and 
re-etching the whole section. This 
method was used for examination 
microstructure the copper de- 
posits that had been formed cor- 

The distinctive features the 
microstructure the pipes were di- 
rectly related their chemical com- 
position and conditions process- 
ing. Twenty-two pipes were made 
Muntz metal and high brass. 
The first alloy contains two solid 
solutions, alpha and beta; the sec- 
ond, only alpha. The proportion 
beta pipes made Muntz metal 
varied according the zinc con- 
tent, which industrial alloys 
this type ranges from per- 
cent, and, certain extent, ac- 
cording the rate cooling from 
the temperature the last operation 
hot work. some pipes the 
alpha-beta group (16, 17, 39, 
118 and 113) the amount beta was 
found considerably below the 
normal proportion, For the same 
reasons trace. beta was found 
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one pipe the alpha group (No. 
24). 

Typical views the microstruc- 
ture alpha-beta brass pipes are 
shown Figures and which 
represent, respectively, longitudinal 
and transverse sections pipes 
and 73A. both photomicrographs 
beta appears dark. Although both 
pipes were made Muntz metal, 
the difference the amount beta 
very pronounced. 

The following deviations from the 
normal structure were found occa- 
sionally 

Coarse primary structure, not 
entirely eliminated annealing, 
evidenced pat- 
tern alpha and beta arrangement. 


Striking variations grain 
size (Figure 3). 


Figure 3—Inhomogeneous grains alpha, 
pipe No. 66. 200. 
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Distorted shape grains and 
presence slip bands, which indi- 
cate insufficient annealing. 

Inhomogeneous distribution 
beta. 

These defects were not common, 
but are mentioned only for better 
understanding all the conditions 
that may promote influence cor- 
rosion. 

Grain size was determined 
measuring the diameter major 
micrometer eyepiece, and also 
the direct comparison the grain 
size with the standard photomicro- 
graphs American Society for 
Testing Materials. The values 
grain size microns are shown 
Table II. 

shown this table, pipes 
had the smallest grain size 
microns; the majority pipes 
(28) was from microns; 
pipes, from 100 200 microns, 
and two pipes, from 450 500 
microns. One the last two pipes 
had Widmannstatten structure and 
the other had exaggerated grain 
growth. 

These figures grain size should 
compare them with the mean values 
grain size usually determined 
the ordinary method. 


Definition Terms 


The term general corrosion 
taken mean the corrosion the 
whole inside surface the pipe, 
least large part it. 

Local corrosion—i.e., plug-type cor- 
rosion—refers destructive atttack 
concentrated specific point only, 
the rest the surface remaining in- 
tact being attacked much lower 
rate. 


Vol. 


Other terms mentioned this paper 
connection with corrosion are de- 
fined for the sake clarity, fol- 
lows: 

copper deposit that extends over 
large area and shows stratification and 
porosity the kind generally found 
the plug type. may considered 
plug extended over large area. 
Often corrosion advances rapidly 
some points the layer that typical 
semicircular plugs are developed, 
which penetrate into the wall the 
pipe. 

all three terms, the meaning 
“corrosion” includes the entire cycle 
processes corrosion; viz., de- 
zincification well subsequent 
oxidation copper. 

Selective dezincification refers 
process which singular feature 
the selective removal zinc from the 
alpha beta constituents. 

Preferential attack used desig- 
nate the order destruction struc- 
tural constituents. alpha-beta brass 
pipes, beta always corroded first. 
Another instance preferential at- 
tack found old bronzes, where 
either alpha eutectoid attacked 

Microscopic examination showed 
that all pipes examined 
attacked general corrosion, the 
difference between individual speci- 
mens being only the depth 
penetration. was also revealed 
that the process corrosion 
alpha-brass pipes had advanced 
two steps: first, alpha was destroyed 
and replaced metallic copper, 
then the copper was oxidized. Ex- 
amination longitudinal and trans- 
verse sections indicated that the 
advanced line corrosion little 
cuprous oxide was found. How- 
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ever, the inside surface the 
pipe was approached increasing 
amount cuprous oxide was found, 
but almost copper. Since layer 
cuprous oxide was always found 
below the mineral deposit, must 
conclude that was the last product 
corrosion. 

second layer more recent 
origin, the advance line cor- 
rosion contact with the normal 
structure, consisted copper and 
cuprous oxide. one pipe (No. 11) 
copper deposit was not found; there 
was only oxide and alpha. However, 
seems likely that the absence 
metallic copper was due rapid oxi- 
dation the copper into oxide, 
soon had been formed. 

General corrosion the constitu- 
ents alpha-beta brass pipes also 
took place two steps, described 
above, but its distinctive feature 
was the preferential attack 
beta. extreme cases, pipe 
54, beta was destroyed throughout 
the whole thickness the wall 
while alpha remained completely 
unaffected. the other hand, 
some pipes the lag between the at- 
tacks beta and alpha was 
short. 

The depth general corrosion 
was determined longitudinal 
transverse sections pipes di- 
rect measurement under the micro- 
scope. The values depths given 
Table represent the maximum 
penetration corrosion, which 
the sum the maximum widths 
both layers; i.e., (1) cuprous oxide 
alone and (2) cuprous oxide plus 
metallic copper. alpha-beta brass 
pipes these figures give the maxi- 
mum depths preferential attack 
beta. 

the pipes were service for 
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Figure 
Figure 4—Plug pipe 66. 
Figure 5—Tubercles pipe Natural size. 


different periods time, the only 
possible way comparing the rates 
their general corrosion was 
the basis mean values the 
depths corrosion per year. Table 
shows that the rate was very slow 
great majority the pipes. 
pipes which the depth pene- 
tration was determined, the rate was 
1/40 mm, per year and 1/40 
1/20 mm. Only one pipe was 
slightly over mm. per year. 
This pipe (200D) was from Phila- 
delphia and one year service 
developed general corrosion 540 mi- 
crons deep. Table also indicates 
that there relation between 
grain size and the depth corro- 
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Local Corrosion 

The destructive action this 
type corrosion concentrated 
single point the surface, 
which vigorously attacked. 
general corrosion, the 
volves removal zinc and forma- 
tion copper deposit, which then 
becomes partially oxidized. large 
local accumulation copper the 
pipe wall commonly called 
“plug,” often extends through 
the entire wall thickness (Figure 4). 
The mound built the products 
corrosion the inside surface 
pipe above the plug generally 
referred “tubercle” (Fig- 
ure 5). 

Three types plugs were found 
brass pipes: (1) with all the orig- 
inal metal dezincified, (2) with only 
beta dezincified and alpha intact, 
and (3) plugs similar the first 
type but which had developed from 
layer corrosive products (Fig- 
ure 6), ordinary plug, type 
can distinguished easily from the 
normal metal visual examination 
the pipe, whereas plug type 
appears only slightly different 
from the surrounding metal, even 
finely polished section the wall. 
The third type represents merely 
advanced stage the layer corro- 
sion. 

Local corrosion was very common 
the brass pipes examined, both 
alpha and alpha-beta 
susceptible that kind attack. 
found badly corroded pipes was 
pipe and their size sometimes 
reached 13/16-inch length and 
inch height. 

All plugs types and con- 
sisted porous accumulations 
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copper mixed with some mineral 
products corrosion. Figures and 
show sectional views two plugs, 
which display dark and light con- 
centric zones. Microscopic examina- 
tion proved that the difference be- 
tween the zones was mainly the 
number and size holes. the 
dark zones porosity was greater and 
the holes were larger. The alternate 
arrangement zones indicates 
certain periodicity the corrosion 
process. Apparently, the infiltration 
corrosive liquid through the 
spongy copper had been going 
continuously, but with different in- 
tensities, and the dark zones were 
formed during the most vigorous 
periods corrosion, when even 
part the copper had been re- 
moved. 

The outlets plugs two sides 
the pipe wall were usually op- 
posite each other, but pipe 125 
the wall was pierced oblique 
direction, and the visual examina- 
tion the tangential section the 
wall revealed considerable exten- 
sion the plug along the pipe 

Microscopic examination 
bercles disclosed that they had been 
built concentric shells, which 
usually had different colors and 
often were separated empty 
spaces. tubercle pipe the 
colors shells were white and pink, 
and the center was hollow. The tu- 
bercles frequently had central cav- 
ity, apparently caused the evo- 
lution gas. 

The size the tubercles was 
sometimes disproportionately small 
comparison with the size the 
underlying plugs. evident, 
therefore, that some the products 
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were carried away the water 

The chemical composition tu- 
given Table The an- 
were made tubercles re- 
from pipes 125, 134B, 196 
(The last two are not in- 
cluded the list pipes exam- 
ined.) The prevailing components 
are zinc, combined water and car- 
dioxide. 
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The layer type corrosion was 
found three pipes (73A, and 
101) removed from buildings lo- 
calities where the water more 
corrosive than New York City. 
characteristics 
these copper deposits—porosity and 
stratification—are the same the 
plug type deposits. 

The origin local corrosion 
still mystery. boiler tubes has 


TABLE 


Analysis Tubercles 


Combined 
Water COMPOSITION—Percent 

Pipe and 

125 New aand 24.1* 51.7 1.7 5.3 
134B Philadelphia........... 27.8 52.1 1.6 1.2 1.6 
196 aand @ 26.7 53.5 1.9 1.8 2.0 
247 New 23.8 51.8 0.6 1.8 4.9 


* Combined water 16.3 percent; carbon dioxide 7.8 percent. 


the basis the data Table 
the hypothetical mineral com- 
position tubercles pipe 125 
was calculated, follows: 


Zinc hydroxide white yellow- 
ish and zine carbonate colorless; 
hoth are soluble, but only minute 
water. 

Percent 


Zince hydroxide, Zn(OH):........ 60.9 
Cuprous oxide, 1.9 
Iron hydroxide, 
Combined water, 


98.4 

The yellow coloration tuber- 
cles, and especially the deposits 
the inside surfaces pipes, was 
often noticeable. greenish tint also 
was frequently found, apparently 
caused the presence malachite. 
amount cuprous oxide the 
tubercles was small. Iron and silica 
were deposited from the water. 


been attributed the action air 
bubbles that adhere the wall 
the tube and prevent its cooling 
water, thus causing local super- 
heating and subsequent pitting 
the could not find any 
evidence for against this theory 
the present investigation cor- 
rosion brass pipes. course, 
there are essential differences the 
operating conditions boiler tubes 
the considerably higher temperature 
range the boiler tubes. 

Our observations indicated that 
least some cases local corrosion 
had started under the influence 
residual stresses and local deforma- 
tions, The evidence gathered sup- 
port this contention 


Incipient plugs were found 
within pipe walls the end 
cracks (Figure 8). The metal sur- 
rounding the plugs obviously had 
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Figure 


Figure 6—Plug developed layer corrosion, pipe 134B. 15. 
Figure 7—Zonal structure plug, pipe 93. 25. 


been strained before cracking. 

The outlines original cracks 
often can traced the center 
plugs. 

crack was found the root 
small plug one the pipes. 

another pipe large num- 
ber incipient tubercles had de- 
surface grooves 
where the metal had been deformed. 
These grooves originated 
pipe processing (Figure 9). 

plug was found piercing the 
wall angle. Instead develop- 
ing direction perpendicular 
the wall, usual, the prevailing 
growth this plug extended along 
the pipe length. This showed the 
tendency corrosion follow the 
lines straining produced cold- 


drawing. crack also was discov- 
ered the same section. 

Plugs always had oval shapes 
tangential sections pipes, with 
the longer axis parallel the pipe 
length (Figure 10). The accelerated 
corrosion metal the spe- 
cific direction again suggests the in- 
fluence straining. 

The processing brass pipes in- 
volves cold-working, all traces 
which are not always removed 
the subsequent annealing. Some 
grains pipes often showed dis- 
tortion shape presence slip 
bands—a distinct proof that the 
stresses had not been entirely elimi- 
nated. Microscopic cracks found 
the walls some pipes are also sig- 
nificant (Figure 11). they fre- 
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1 
f 7 
Figure 8—Upper left: Incipient plug fork cracks, pipe 53. 300. 
Figure 9—Upper right: Parallel rows tubercles, pipe 24. Natural Size. 


Figure 10—Lower left: Oval section plug, pipe 30. 
Figure 11—Lower right: Slip bands and crack, pipe 149. 750. 
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Figure 12—Twins former alpha copper plugs. 
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quently occurred the middle 
wall section, their origin should 
local stresses. 

appears certain that two 
more kinds stresses can coexist 
metals. The stresses one kind can 
annealing, but not necessarily all 


the stresses associated with defor- 


mation and slip. The accelerating 
effect residual stresses cor- 
metals has been pointed 
out all investigators stress 


Are Copper Deposits Residual 
Redeposited? 

The concept selective corro- 
sion the zinc brass was de- 
veloped early 1903, Milton 
and and later was supported 
experimental work Desch and 
They came the conclu- 
sion that copper was residual. This 
viewpoint was suggested some 
investigators corrosion but op- 
posed others who believed that 
the copper had been dissolved and 
redeposited. 

The authors believed that the 
controversy could resolved 
microscopic study the structural 
characteristics the copper de- 
posits. seemed certain that the 
zinc had been selectively leached 
out, some the structural aspects 
the original metal 
found; as. for instance, twinning 
alpha grains. the other hand, 
assuming that copper had been re- 
deposited, the microstructure the 
deposits should necessarily typ- 
ical metals precipitated from 
aqueous solutions. These considera- 
prompted the authors studv 
more particularly the copper de- 
posits, especially plugs contain- 
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ing large amounts copper, which 
therefore offer greater field for 
observations. 


Dezincification Alpha 
High-brass Pipes 

The search for twinning cor- 
roded grains alpha brass was suc- 
cessful, small plug pipe 200D 
made high brass the grains 
alpha had been entirely converted 
into yet some them 
showed distinct twinning (Figure 
12a). The boundaries some 
these grains remained well visible. 
Although these grains were only 
few among many others that had 
been merged into solid mass 
copper, apparently structureless, 
was evident that the real structure 
the deposits could not ob- 
served because the presence 
minute holes. order obtain 
proper depth etching the de- 
posits further work, “spot etching” 
was used described the pre- 
ceding pages under Microstructure. 
Small drops dilute solutions 
ammonium persulphate water 
(concentration 10. percent) 
were placed copper deposits for 
various periods time. means 
this technique twinning former 
alpha grains, the deposits other 
pipes (134B, 31, 101) was brought 
out (Figures 12c). 


Dezincification Alpha 
Muntz-metal Pipes 

the plugs alpha-beta brass 
pipes, both constituents were com- 
pletely replaced copper but were 
not entirely merged. The “alpha” 
plugs pipes and 54, which 
were all made alpha-beta brass, 
clearly showed twinning some 
the alpha grains now completely re- 
placed copper. other Muntz- 
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metal pipes examination failed 
reveal because the porous 
structure the copper. The final 
conclusion based all observations 
was that twinning remained de- 
zincified alpha grains both alloys, 
high brass and Muntz metal. 
assume now that copper had been 
redeposited, the question arises 
how the atoms the copper 
could have placed themselves into 
the exact positions the original 
the twinning, known that twin- 
ning brass grains caused 
mechanical work followed heat- 
ing. improbable that the pat- 
tern the grain structure originally 
caused mechanical work and 
heating could have been restored 
precipitation solid form solu- 
tion, and the authors believe that 
the twinning the 
skeletons former alpha grains 
decisive proof that the had 
been leached out and the copper left 
behind. 


Dezincification Beta 


regard the origin copper 
derived from dezincification beta, 
the question still remained open. 
all deposits beta could distin- 
guished from alpha its much 
darker color and its shape. The 
origin the copper could not 
established the presence twin- 
ning, for beta does not form twins. 
Corrosion beta different from 
that alpha two respects: (1) 
beta always attacked first, (2) 


gradual, while that alpha al- 
ways abrupt. 

many pipes the first sign 
dezincification was change the 
color beta, which turned black. 
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these pipes there were three 


_kinds patches near the 


plugs: (1) completely filled with 
copper, (2) black patches and (3) 
normal golden yellow (Pipe 16, Fig- 
ure 13a). 

Microscopic study dezincifica- 
tion beta high magnifications 
revealed that the initial stage 
only slight roughening the beta 
surface occurred (Figure This 
change responsible for the dis- 
coloration beta, apparent lower 
magnifications. The real structure 
stage dezincification the view 
cleared up, and the copper was dis- 
tinctly seen completely filling the 
space the former patches beta. 
contained many black and red- 
dish brown lines and dots (Figure 
12c). 

The latter were first interpreted 
structural constituent but after 
repeated examinations the reddish 
specks were found pits the 
copper with bright walls, which re- 
flected the natural color 
metal. became evident that the 
porous copper was the only product 
dezincification its final stage, 
far the microscope could re- 
veal. All further efforts deter- 
mine the structure the copper 
have failed. Judging from the fact 
that completely corroded patches 
“beta” were maintaining their shape 
for long time, until increased 
porosity and the ultimate oxidation 
copper had destroyed all vestiges 
the original structure, the authors 
are inclined believe the resi- 
dual origin the copper formed 
dezincification beta. The preser- 
vation shape indicates that the 
process did not entirely ruin the 
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Figure 14—Periodicity corrosion. 


Upper left—Parallel bands cuprite and malachite ancient bronze. 100. 
Upper right—Zonal structure corroded grains ancient bronze. 1000. 
Lower left—Fracture tubercle, showing concentric shells. 

Lower right—Alternating bands and copper corroded beta, pipe 125. 
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skeletons beta that continued 
exist. 

would erroneous say, 
however, that precipitation cop- 
per does not occur the corrosion 
brass pipes. Evidence such pre- 
cipitation was found the authors 
one the tubercles where small 
deposits copper were disclosed 
among other minerals, but this cop- 
per had been carried the cor- 
rosive water from somewhere else 
and not deposited situ. 


Periodicity Corrosion 


Periodicity corrosion processes 
has been mentioned the literature 
one the who’ ob- 
served the patina ancient 
bronzes parallel bands cuprite and 
malachite arranged alternating 
order (Figure 14a). These minerals 
are common products corrosion 
old bronzes, some specimens 
the number bands exceeded 
and their average width was from 
microns. The formation these 
bands bronze patina could ex- 
plained only certain periodicity 
the corrosion process. first 
was attributed seasonal changes 
the burial ground, but when fur- 
ther examinations revealed similar 
periodicity within individual grains 
bronze that were partially to- 
tally corroded, the periodicity ap- 
peared closely associated with the 
mechanism corrosion within the 
crystals (Figure 14b). These grains 
contained concentric zones two 
different mineral products arranged 
alternately. seemed though the 
corrosion each grain had been 
with periodical rise and 
drop concentration the cor- 
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rosive liquid, passing through 
cycle some intermittent chemical 
electrochemical changes. 


Periodic type corrosion was 
found ancient copper and silver 
also. During the present examina- 
tion brass pipes was first en- 
The structure plugs consisted 
many concentric zones distinctly visible 
their vertical and horizontal sec- 


(Figure 7). has already been 


explained, the main difference be- 
tween the zones was the amount 
porosity, the dark zones being 
more porous than the light ones. Pe- 
riodicity tubercle’s formative 
process was evident from the pres- 
ence many concentric shells 
the walls tubercles (Figure 14c). 
Often the shells were separated 

different type periodicity was 
revealed pipe 125, where some 
patches corroded beta showed nu- 
merous stripes (Figure 14d). high 
magnifications they appeared 
bands metallic copper alternating 
with bands cuprous oxide, The 
total number these bands one 
microns, the average width 
each being slightly over one micron. 
can only speculate the rea- 
sons why the beta this particular 
location was not converted into 
solid copper solid cuprous oxide 
was all other corroded parts 
the same pipe. 

conclusion, should noted 
that inasmuch corrosion causes 
structural changes, 
theories corrosion should take 


‘these changes into consideration, 
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Summary 


The corrosion yellow brass 
pipes removed from domestic hot- 
water installations was studied un- 
der the microscope relation 
their microstructure and conditions 
service. Particular attention was 
given the study the structural 
aspects corrosion, the origin 
local corrosion, the nature cop- 
per deposits, and general conditions 
dezincification. The results are 
briefly outlined below: 

All pipes were found corroded, 
but the rate general corrosion per 
year was small, and some specimens 
were good condition after 
years service. However, most 
the pipes exhibited local corro- 
sion, which was much more destruc- 
tive. 

The size grains apparently 
had effect corrosion, except 
perhaps when varied consider- 
ably; but the surface defects 
pipes, the residual straining metal 
and cracks were influential factors. 

Corrosion both constituents 
brass, alpha and beta, had two 
distinct stages, dezincification and 
the final corrosion copper formed. 
The lag between these stages varied 
considerably. 
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alpha-beta brass pipes, the 
beta was always attacked first, but 
here also the lag varied consider- 
ably. 

Microscopic 
vealed that local corrosion some 
pipes was closely associated with 
residual stresses and local deforma- 
tions. The evidence thus obtained 
pointed the conclusion that these 
factors were influential starting 
the localized corrosion these 
pipes. 

Conclusive evidence the resi- 
dual origin of. copper derived from 
dezincification alpha was found 
the structural characteristics 
the deposits. regard the copper 
derived from dezincification beta, 
the residual origin the most prob- 
able. 

The presence alternating 
zones plugs and also the zonal 
structure tubercles indicated that 
some periodic changes 
volved the process corrosion. 
Further evidence periodicity was 
found corroded “beta,” which dis- 
played parallel bands copper and 
cuprous oxide arranged alternate 
order. Periodicity corrosion ob- 
served other metals mentioned. 
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Control Galvanie Corrosion Iron 


American Cast Iron Fipe Company 


ARID soils poorly con- 

ducting media the electro-chem- 
ical corrosion iron and steel 
geneity the environment, such 
oxygen concentration cells, varia- 
tions acidity, etc. more homo- 
geneous and conducting media the 
causation potential the electro- 
chemical corrosion iron and steel 
structures more often due dif- 
ferences potential between ele- 
ments the structure itself. Both 
these two distinct types cor- 
rosion attack are encountered soil 
corrosion ferrous metals, the con- 
trolling type depending upon such 
factors aeration, soil resistivity 
and 

Among structures subject the 
electrochemical corrosion poten- 
tial differences the material it- 
self, are pipe lines salt and/or 
marshy soils, condenser coils im- 
mersed aqueous coolants, and 
others where the environment 
conducting and relatively homo- 
genous. 

the “graphitic” corrosion 
cast iron the causation potential 
the very significant potential be- 
tween graphite cathode fer- 
rite anode. This type micro- 
cell galvanic corrosion is, however, 
not the most destructive the ef- 
fect uniform attack over the 
entire surface and not concentrated 
any particular area. fact, the 
existence 


cells may even beneficial par- 
tially masking grosser intra-struc- 
tural galvanic corrosion, 

When, for some reason, there 
exists distinct potential difference 
between two parts 
structure conducting medium 
the more cathodic part protected 
from corrosion, but the expense 
the more anodic element, which 
may rapidly corroded useless- 
ness. 

Under such conditions im- 
portant that galvanic corrosion 
must occur the more anodic element 
should not vital part the 
structure. The intensity the gal- 
vanic attack increases the cathode 
area increases, therefore also 
important that the more anodic ele- 
ment should not relatively 
small part the structure. This 
area effect aptly illustrated the 
case copper pipe joined iron 
coupling. conducting solution 
the coupling will rapidly cor- 
roded because the anode, where 
all the -attack concentrated. Also 
such reactions are usually cathode 
controlled, and large cathode area 
admits easier depolarization the 
cathode dissolved oxygen. the 
opposite case, where copper cou- 
pling used iron pipe, the cor- 
rosion not serious because the 
attack spread out over the larger 
area the iron anode and the ac- 
cess oxygen the cathode 
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relatively slight, therefore depolari- 
zation extremely slow. 

Iron and steel structures for use 
environments conducive gal- 
vanic corrosion are rarely similar 
chemically and physically every 
part that entire structure 
electro-potentially equal. Where the 
potentials various parts con- 
nected structures are left chance, 
serious failures may occur small 
element for some reason slightly 
but definitely anodic the rest 
the structure. 

Iron can made relatively more 
cathodic alloying with more 
noble elements which form simple 
solid solutions with the iron. Two 
such elements commonly used are 
nickel and copper. Lamdau and 
Oldach? showed that nickel alloyed 
with iron progressively changed the 
potential percent NaCl. their 
tests was shown that 
cent nickel changed the potential 
pure iron 0.4 volts. Copper 
usually cathodic nickel and would 
expected have greater effect 
iron. However, copper not 
soluble iron nickel. equi- 
librium, only about 0.4 percent cop- 
per soluble normal tempera- 
ture, but unless the metal cooled 
very slowly much percent 
copper iron will make appar- 
ently homeogenous alloy. Alloying 
steel iron with small per- 
centage nickel copper makes 
metal which under usual conditions 
cathodic otherwise similar un- 
alloyed steel iron. 

Tests 

making fusion welds cast 
iron pipe the operator usually tries 
make the weld the same com- 
position the basic metal. has 
been found, however, that many 
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cases the weld, because either 
chemical physical dissimilarity, 
becomes anodic when the pipe 
immersed conducting solution. 
some services this will result 
the corrosion being concentrated 
the small area the weld metal, 
causing rapid failure. Bronze welded 
pipe the other hand is*usually 
satisfactory because the weld metal 
cathodic. 

The polarity welds may de- 
termined most easily what 
known the agar test. machined 
section the pipe wall through the 
weld placed clear agar jelly 
which contains dissolved sodium 
chloride, potassium ferricyanide, and 
phenolphthalein. The same solution 
serves the electrolyte, and gal- 
vanic action starts immediately. 
Anode points are revealed the 
fact that iron going into solution re- 
acts with the potassium ferricyan- 
ide produce deep blue color 
the jelly adjacent any anode 
point. Cathode points are shown 
red color the jelly which 
caused the sodium hydroxide 
forming the negative poles and 
changing the color the phenolph- 
thalein. 

bronze weld mono-cast pipe 
which the polarity was determined 
this method. may seen, the 
weld metal cathodic the pipe 
itself that the corrosion would 
not take place the weld, but 
would spread out over the entire 
pipe. For this reason, bronze welded 
cast iron pipe presents serious 
corrosion problem. 

Figure shows section cast 
iron fusion weld. this case the 
weld metal distinctly anodic 
the rest the pipe and under favor- 
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Figure 1—Bronze weld. 


able conditions the 
rosion might easily cause failure 
through concentration the attack 
upon the weld. 

Figure shows one way which 
this problem solved. this case 
the fusion weld was made with 
percent copper alloy cast iron for 
the weld metal. this case the 
weld has become cathodic the 
pipe wall and therefore corro- 
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bolt arid nut were the same com- 
position, the other two the nuts 
were alloyed with copper. After one 
year exposure the weight loss re- 
sults shown the table were ob- 
tained. 

From this test seen that the 
direction the galvanic corrosion 
between bolt and nut may con- 
trolled will alloying with cop- 
per. 


Figure 2—Plain cast iron 
fusion weld. 


sion problems would expected. 
The practicality this solution 
was checked specimen tests 
hot, aerated sea water. Where the 
weld was the percent cop- 
per alloy the basic metal would 
corroded severely while the weld 
metal was barely attacked. 
Another test hot sea water 
made use four specimens consist- 
ing 34-inch cast iron bolts with 
screwed nuts. two cases the 


Figure 3—Fusion weld. Al- 
loy cast iron weld. 


series tests was initiated 
determine the potential developed 
coupling plain cast iron with 
cast iron containing varying per- 
centages nickel and copper. In- 
duction furnace heats were made 
and several bars poured with suc- 
cessive small additions the alloy 
the crucible, this method 
series bars was obtained with all 
elements constant except the pur- 
posely added alloys, copper 
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March, 1946 CONTROL GALVANIC CORROSION IRON 
BOLT NUT 

Loss in Weight Loss in Weight 
BOLT NUT Grams Percent Grams Percent 
PR 57.5 16.5 1.9 1.6 


nickel. Cells were set 
aerated percent sodium chloride 
solution the electrolyte and speci- 
mens 1.2 inch diameter 
inch long. The 1.2-inch specimens 
were polished one face, the other 
surface being protected paint and 
paraffin, and connection made with 
protected copper wire. One plain 
cast iron specimen was used each 
cell and coupled with alloy speci- 
men. Attempt was made measure 
steady state potential differences be- 
tween the two specimens each 
cell. many complicating factors 
enter into the measurement small 
corrosion potentials, that the actual 
potential figures obtained any one 
set tests are not deemed reliable 
enough for presentation here. How- 
ever, from these tests the following 
indications were obtained: (1), there 
sharp increase potential dif- 


ferences between plain cast iron and 
nickel cast iron about per- 
cent (2), there somewhat 
slower increase potential differ- 
ence between plain cast iron and 
copper cast iron about 2.5 per- 
cent copper; (3), from per- 
cent the potential differences 
decreased, probably because the 
formation hard martensite; (4), 
above 2.5 percent copper the re- 
sults were very erratic, probably be- 
cause the alloys were not homo- 
geneous; (5), above percent 
nickel the potential differences be- 
come very high the alloy becomes 
austenitic, 

Fusion-welded cast iron pipe 
often used refinery condenser 
coils where the coolant often 


brackish water sea water. Trou- 
ble was formerly encountered the 
rapid corrosion the welds where 


4 


Figure 4—Plain cast iron bars bolted with alloy cast iron bolts and nuts after ex- 
posure acidified salt solution. 


| 
7 
q Sees 
4 
| 
| 
1 


ASSOCIATION CORROSION ENGINEERS 


the weld metal chanced anodic. 
making the weld metal per- 
cent copper alloy, this trouble has 
been largely eliminated. 

similar condenser coils the 
mechanical joints the pipe are 
made with bolts which are pearl- 
itic, malleable iron. few years’ ex- 
perience showed that the bolts and 
nuts were failing while the pipe was 
still serviceable. The bolt and nut 
material was changed percent 
copper alloy metal make them 
cathodic the pipe. See Figure 
Since the change complaints bolt 
corrosion have materially decreased. 
These low alloy bolts have been 
found valuable not only 
denser coils but also other bolted 
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joint cast iron pipe lines which are 
frequently used for river and harbor 
crossings and for laying through 
marshes and swamps. 

interesting, though costly, mis- 
take occurred one these con- 
denser coils when customer asked 
for percent copper alloy pipe. 
mistake these were furnished with 
the regular percent copper bolts. 
Evidently, the alloy the pipe was 
sufficient make the pipe again 
cathodic, for the bolts failed 
short time. More highly alloyed bolts 
were furnished for replacement. 

The authors feel that there are 
many instances where the control 
galvanic corrosion iron out- 
lined will prove valuable. 
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CORROSION CONTROL 
Electrical Protection 


The most practical method re- 
tarding corrosion pipe lines the 
application electric counter-cur- 
rents flowing the pipe that the 
latter continuously maintained 
“cathodic” state, (See Figure 22.) 
From this feature the technique 
originates the term “Cathodic Pro- 
tection.” Sufficient current must 


flow from soil pipe maintain 
constant voltage difference the 
soil-metal interface 0.25 volts (ap- 
proximately 0.80 volt between pipe 
and copper sulphate electrode 
contact with soil) more. This 
minimum voltage requirement has 
been determined experience, and 
may subject variations how- 
ever, pipe lines under 
pipe-to-soil potentials 0.80 volts 


FUNDAMENTAL 
PROTECTION UNIT PIPE LINE 


Current flow through the 
soi/ from anode surface 
fo pipe surface 


Anode or ground bed buried deep underground 


- Connecting cable from positive terminal of dc source fo anode 
Low voltage de source - rectifier, generator or botfery 
Connecting cable from pipe line to negative ferminal of de source 
Cothodicolly protected underground pipe line 


Figure 22—Fundamental circuit cathodic protection unit pipe line. 
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ILLUSTRATION OF TYPICAL 
CATHOOIC PROTECTION UNIT INSTALLATION 


Current Paths - 


through soil 


ANODES (Ground 
1000 - 1500 Ib junk cast iron 
RECTIFIER 
40-50 0mp 
10-15 v-de 
- TRANSFORMER, kva 
6900 v- primary 
secondory 
TRANSMISSION LINE 
ANODE LEAD (1/0 Cable) 
CL.- CATHODE LEAD( 1/0 Coble) 
P.L.- PIPE LINE 


Heavy arrows 
indicete direction of current 
Slow in pipe and conductors 


Figure 23—Typical cathodic unit installation. 


greater (measured with copper- 
sulphate electrode) usually have 
stopped developing leaks. 

establish these desired protec- 
tive conditions necessary, 
corrosive areas, create artificial 
electrolytic cells that will overpower 
negate the opposite action the 
soil chemical cells 
the damage making portions 
the pipe naturally anodic. Where 
the offenders are natural “concen- 
tration” cells, customary (1) 
bury metallic masses serve 
anodes distance the side 
the pipe, and (2) connect the pos- 
itive lead from external supply 
direct current each such anode 
“ground-bed” and the negative 
lead the pipe that the current 
will flow from ground-bed pipe 


through the soil illustrated 
Figure 23. 

Some important factors pow- 
requirements maintain the 
potential 
0.25 volts depend upon the current 
density from anode ground-bed 
metal surfaces exposed the soil 
well the amount moisture 
and the amounts and types chemi- 
cals the soil adjacent these 
surfaces. 

How get effective service from 
ground-beds and connected direct cur- 
rent supplies the most economical 
total first cost and long-term op- 
erating cost prime problem 
the corrosion engineer, knowledge 
available power supply units and 
the characteristics ground-beds 
prerequisite planning effective 
and economical protection. 
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Direct Current Power Supplies 
(Cathodic Protection Units) 


direct-current supply, e.g., rec- 
tifier generator, with sufficient 
voltage and capable delivering the 
necessary current required for 
connection the circuit between 
the ground-bed (anode) and the 
pipe line (cathode). means ad- 
justing the output voltage also 
required. Suitable units for the pur- 
pose are: 


Rectifiers 

Motor-Generator sets 

Engine-driven generators 
Wind-driven generators 
Thermo-couple units 


Rectifiers provide most depend- 
able supply because they have 
moving parts contacts. Available 
rectifiers are the contact type, the 
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thermo-ionic type, and the metallic- 
vapor type. 

The contact-type rectifiers, which 
include copper-oxide, selenium and 
copper-sulphide units, are used ex- 
tensively. These are rugged con- 
struction and 
low voltages. They are suscepti- 
ble damage moisture, and 
they decline efficiency with rela- 
tion current output and age. 
Their initial efficiency about 
percent. 

Thermo-ionic type rectifiers in- 
clude the heated filament and the 
Ignatron units. The filaments have 
limited life about 1,000 hours, 
replacements are frequent where 
number units operate continu- 
ously. The Ignatron new de- 


Figure (Left)—Typical rectifier installation. (Right) Typical wind generator 
installation. 
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Figure 25—Motor-generator unit without mounting accessories. 
velopment and has not yet been, ternal-combustion engines. Such 

adapted low voltage operation, engines are seldom able operate 

but its efficiency high for voltages more than percent the time, 

above 100. and some the net operation time 

Metallic-vapor type rectifiers percent lower.- Maintenance 
applicable only where volts and replacement parts cause their 
more are required. Their efficiency operating costs substantially ex- 
increases with increase operat- driven units operating average 
ing voltage. purchased power. 

Motor-generator sets the size Wind-driven generators mod- 
required for cathodic protection ern design are dependable me- 
have low efficiencies about equal and electrical performance, 
those contact-type rectifiers. their output depends wind 
advantage that increased operat- velocity, which extremely vari- 
ing voltages can obtained without able, and suffers periods out- 
increase capital cost. Their disad- put during calm weather. Excessive 


vantages are that they have moving output from these units during un- 
mechanical parts which high winds may activate 


maintenance and replacement. Low- rather than retard corrosion 

speed units are preferable those loosening corrosion products from 

high speed. the pipe line, thereby allowing 
Both rectifiers and motor-genera- increase corrosion rate when the 

tor sets must operate from stopped. 

alternating current This Thermo-couple units have been con- 

limits their application structed only experimental 

where such power available. basis. current output am- 


ered usually automotive-type in- metals tried have been able de- 
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velop potential only 5.0 volts, 
which too low many cases for 
practical application. 

Direct-current supply units are 
frequently installed out-of-doors 
where they are exposed weather 
and other causes trouble. Units 
located require housings which 
will provide adequate ventilation 
and the same time exclude rain, 
insects, birds and rodents. Figure 
shows typical out-of-doors contact- 
type rectifier mounting and wind- 
generator installation. Figure shows 
typical motor-generator unit without 
accessory equipment. 


Anode Ground-Bed Installations 


The relation between anode 
and current flow soil based 
the electrical resistance’ encountered 
radial flow from the anodic cen- 
ter soil body which portion 
complete unit sphere cyl- 
inder, evident that the greater 
current density and voltage drop 
occurs and near the anode surface. 


The total amount current that 
given external voltage will cause 
pass into soil given resistivity 
from artificial anode ground- 
bed—or from group such anodes 
(called “multiple 
the size and shape well the 
disposition and depth insertion 
burial the anodes. Certain funda- 
mental facts are known the 
final effectiveness and economy 
cathodic protection installations. 

Driven Vertical Rod Anodes: 
Where driven rods (or tubes) are 
used anodes, their ability 
transmit current the soil depends 
upon the depth which they are 
driven and upon their diameter. 
the depth rod fixed diameter 
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1000 OHMS PER C.C. 


RESISTANCE IN OHMS 


DEPTH OF ROOD IN FEET 


Figure 


increased, the total current trans- 
mitted also increases, but there 
logarithmic decrease the density 
current transmitted each unit 
rod area contact with the soil. 
This illustrated Figure 26. 
the diameter rods driven uni- 
form depth increased, the total 
current also increases, but the unit 
current density decreases rapidly. 
See Figure 27. 

Buried Horizontal Tube Anodes: 
When horizontally buried rods 
tubes, e.g., pieces pipe, are used 
anodes, their ability transmit 
current the soil depends upon 
their length and upon their diam- 
eter. length increased, the 
total current also increases, but 
the unit current density decreases 
logarithmically. See Figure 28. 
the diameter increased, 
the total current also increases, but 
the unit current density decreases 
rapidly. Also see Figure 28. Regard- 
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VARIATION OF RESISTANCE 
WITH DIAMETER OF DRIVEN 
GROUND RODS 


SOIL RESISTANCE 
= 1000 OHMS PER C.C. 


RESISTANCE IN OHMS 


DIAMETERS OF RODS IN INCHES 


Figure 27—Variation resistance with diameter driven ground rods. 


less these factors, the optimum 
depth burial usually that 
the soil lowest resistivity 
which practicable excavate. 

Multiple Anodes: From the fore- 
going will observed (a) that 
there practical limit the 


VARIATION OF RESISTANCE 
OF HORIZONTAL GROUND RODS 
WITH LENGTHS. 


DEPTH: SFT. 


SOIL RESISTANCE 
20 ame * 1000 OHMS PER CC. 


RESISTANCE 


LENGTHS OF RODS IN FEET 


Figure 


amount current that can in- 
troduced the soil through single 
driven buried anode, and (b) 
that the use group anodes 
necessary when substantial flow 
current must introduced 
one location into the 

When multiple anodes are used, 
adjacent ones reciprocally reduce 
the current transmission ability 
the others. For example, where two 
anodes are too closely spaced, they 
tend act single one. Thus, 
for given total current in- 
corroding pipe line, there can 
determined minimum economic 
spacing anodes. This requires 
detailed knowledge their recipro- 
cal effects. 

The principal fact effecting 
spacing adjacent anodes anode 
diameter, because rod anodes 
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large diameter allow greater spacing 
for equal total current transmission. 
spacing increased, the 
current transmitted increased, but 
the rod surface unit current density 
decreases. additional equal-diam- 
eter, equally-spaced rod anodes are 
added, the rod surface unit current 
density also decreases. Where sev- 
eral rod anodes are installed, 
the optimum spacing approxi- 
mately anode diameters. See Fig- 
ure 29. 

For cathodic protection installa- 
tion soil given resistivity, 
there can determined approxi- 
mate economic balance between the 
cost increasing the number 
anodes and the resultant saving 
cost supplying required power 
over the expected life the instal- 
lation. 

Anode Materials: Any current- 
conducting material suitable for 
economical use materials which 
will cost the least for the results 
obtained. Obviously these artificial 
anodes will reduced consumed 
lieu the pipe metal they are 


installed protect. With chemically 
pure ferrous iron, the loss 20.1 
pounds metal per ampere cur- 
rent transmitted per year. This pure 
metal, however, too expensive for 
ground-bed use. The materials most 
frequently used, with their 
mate unit losses, are listed fol- 


lows: 
Loss Pounds Per 


Material Ampere Per Year 
Mild steel (junk pipe) 15-20 
Cast iron (junk) 2-20 
Carbon graphite 2-0 


Mild steel, such junk pipe, 
reduced near uniform rate 
proportion current, regardless 
current density the surface. 
junk pipe relatively thin-walled 
material) installed long sec- 
tions either horizontally verti- 
cally, may intersect strata soil 
with various resistivities; and the 
portions exposed the lower re- 
sistivity strata will consumed 
first and thereby leave disconnected, 
sections pipe. 

Junk cast iron usually has the 
advantage being thick section 
and such form that any one piece 
will soil uniform resistivity. 


VARIATION RESISTANCE 
GROUND RODS PARALLEL 
PER GENT RESISTANCE 
SINGLE ROD. 


SOIL RESISTANCE += 1000 OHMS PER C.C. 


RESISTANCE IN PER CENT 


80 90 100 


10 120 130 140 
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Figure 
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EQUIRESISTIV/ITY CONTOUR PLAT 
CONSTRUCTED FROM RESISTIVITIES 
OBSERVED ON 100 FT CENTERS 


3009 --—- 


~Megger" connected os 
shown in Fig 12 


rock 


excovation 


Resistivities determined on 
g 100 foot grid with 4 - electrode 
foot electrode spacing. 


Figure 


Also, the removal outer iron used some extent, but varia- 

graphite surface which—in contact results obtained date pre- 

with the deeper metal—acts clude definite statements their 

graphite anode that reduces the economy. 

iron loss. Anodes should contain sufficient 
Carbon and graphite anodes material assure service life 
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fQOUIRESISTIVITY CONTOUR PLAT 
CONSTRUCTED FROM RESISTIVITIES 4 
OBSERVED ON I100FT CENTERS 


— “4000 / 
A 


NOTE: 
Resistivities determined on a 
100 ff grid with 4 electrode 
“Megger® at & ft electrode 
spacing. 


Figure contour plat constructed from resistivities observed 
100-foot 


years unless circumstances 
justify shorter one. Their surface 
area should large enough give 
surface current” density not 
more than 0.1 ampere less per 
square foot. The initial loss from 
iron anodes the above density 
will near 100 percent corrosion 
efficiency, but this rate loss tends 
decrease over long periods and 
may reduced corrosion ef- 
ficiency below percent. Iron 
loss from cast iron anodes may drop 
still lower corrosion efficiencies 
because the residual graphite sur- 
face remaining after the iron has 
been removed current flow. 
Extreme care should taken 
design and installation anodes be- 
cause they are buried several feet, 
thereby making costly excavate 


them for later inspection their 
condition that their connec- 
tions. 

Soil Conditions Ground Beds 

Soil resistances substantially af- 
fect the power required with given 
anode ground-bed installation 
establish the desired 0.25-volt soil- 
to-pipe potential drop essential 
cathodic protection; therefore, the 
practice placing anodes soil 
the lowest accessible resistivity near 
the prospective location impor- 
tant. Such soil can found the 
vicinity proposed installation 
surveying over grid pattern 
with the four-electrode 
equipment, using test electrode 
spacing each pattern point 
feet, which approximately the 
depth which the anodes usually 
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First three feet backfill anode 
Vent installed when backfilled. 


See Print 
Cover connection junction boa with 


Construct water - retaining dikes 


Figure 
felt before beckfilling. 


necessary for 

not deform top 


As 
soft 


are buried. (Surface indica- 
tions soil resistivity are little 
value.) Figures and illustrate 
such surveys. 

The local resistivity soil sur- 
rounding anodes can lowered 
Where 1000 1500-pound cast-iron 
anode buried, the present practice 
add from 600 800 pounds 
crushed gypsum (calcium sulphate, 
mined) and 200 300 pounds 
salt with the initial backfill. See 
Figure 32. 


Water high concentration 
moisture essential soil adjacent 
anodes the soil resistivity 
remain Soils usually 
retain constant moisture depths 
feet and more. Water decom- 
posed current flow from the 
anode the rate 0.78 gallons per 
ampere per year, with accompany- 
ing liberation oxygen; however, 
this loss normally but small 
fraction that lost through atmos- 
pheric evaporation and heat gene- 
rated current flow. Every advan- 
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tage should taken, especially 
arid territory, obtain secure 
adequate moisture water supply 
for anodes, See Figure 33. 

The optimum distance between 
ground-beds and the pipe line de- 
pends upon the amount 
rent transmitted through the 
ground-bed and whether the line 
bare, poorly-coated well-coated. 


end 


~ 


Excess water to <B> 
grain around ends _~ 


Dikes may be laid out 


2: 


Leave 2%or 3"of ven 


washed 

pile 

actas 


Se? vent pipe neor but 
with onode. Place 
three rocks or pile of grovel under 
vent pipe keep bottom open for 
flow. 
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with string ond string level. => 


mitted through location bare. 
poorly-coated line, the distance 
should 300 400 feet; however, 
with currents low amperes 
the distance may lessened 
feet. Ground-beds for line 
well-coated with material high 
electrical resistance may placed 
nearer the line; however, the dis- 


Surface woter retain 


Top higher thon 
woter line when full 


Add 20% to helgh¥ 
of dike for settling 


Vent Pipe 
less ERNATIVE 
than 


or bore 
holes at evel of 
anode top for 


Wooden Vent 
orcypress boords 
nailed 8" Tile 
Vitrified or 
Concrete. 


Figure 


2? Of Oro; <<. FESS 


Top welded on 


Protector cap -2% “pipe 


Sop drilled and topped 
for lock on with 
nut. 


Test Leod Riser - 2°pipe driven 3 or 
feet in undisturbed soil. Fill inside 

with soil fo just below bottom of form, 
tamp of fel? on top of soil, fill 
riser with hot point to bottom of *Y"siot. 
After pouring in bottom, form has cooled: Test Leads, No./8 Dup. 
relation as enodes 
slot cut fo atlow drainage when poured. 
of condensotion. 


Hole for leads 
burned or drilled 


Moke first pour te co 

cobles and oliow mast- 
ure to boil out, then pour. 
fo cover conductii 
in excess of / mae 


Build sof up around form before pouring 
hot paint and then fill te cover exposed 
conducting ports not less then inch. 


arranged in same 


Cot mith knife 


Clip mace from 
or copper 
wire @/2or #/4 6&3 


Cut with knife ond slip 
forrn down over 2° pipe. 
\ Lp sides of form 


Use ed asbestos felt or fell, 
Cut ond fold to size required. oe 


Figure 


tance always should sufficient 
prevent imposing soil-to-pipe po- 
tential directly opposite the ground- 
bed excess 2.5 volts (as meas- 
ured with copper-sulphate “half- 


cell” electrode). 


Underground Cables and 
Connections 
Conductors used for connecting 
the elements cathodic protection 
units must large enough pre- 
vent abnormal voltage drop. 
placed overhead, the weight cop- 
per such conductors would re- 
quire expensive construction, and 


would subject easy theft. 


Placing conductor 
ground can done excavating 
trenches plowing with “cable 
mole” less expense than overhead 
construction, and diminishes the 
chance theft. Such underground 
cables, particularly near the connec- 
tions anodes, must insulated 
withstand exposure moisture 
over period years. Insu- 


lation failure anode cable will 
result rapid reduction the con- 
ductor metal. Sheathed non-hygro- 
scopic synthetic rubber underlaid 
with normal rubber insulated, 600- 
volt copper cable has been found 
most satisfactory. 

Buried cable connections should 


_have low resistances and remain 


tight. Present practice make 
them large enough for fastening 
with bolts. They should 
protected against soil moisture dur- 
ing their entire expected service 
life. Present practice surround 
them with hot bitumen enamel with 
thickness least one inch. Fig- 
ures and illustrate typical 
methods making and protecting 
connections. well insert 
shunts anode connections where 
they are installed; this allows later 
current measurements taken 
without opening the circuit. The lat- 


ter process which requires ex- 


cavating and tearing the insulation 
from each 


inside of Form 
between bottom rt = 
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ANODE PIPE 
CONNECTION BRACKET 


clearance _fo 


tiled 
smooth, 
SOLDER 


CONNECTION DETAIL 


S.A.E. 
finished 

smoo connecting. 


BRACKET CONNECTION FORM 


anode 


outside hold 


form Place. 


“Galvanic Anode” Protection 

The foregoing sections discussed 
protective measures where cathodic 
conditions were established pipe 
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Weld braze bracket 


STRAIGHT RUN 
INSULATING JOINT FORM 


piece 
impregnated 
approximately 


wire 


Tie strin 
ends form wrapping 


oroun cob 


Fill over coble with 


Fold top edges inward 


matter before pouring. 


forms progresses. 


Figure 


line sections through use ex- 
ternal direct-current power supply. 
second method the installation 
“galvanic anodes” made metals 
(e.g., zinc magnesium) that are 
higher the “electromotive series” 
than the pipe metal. When these are 
connected the pipe through 
insulated conductor, true galvanic 
cells are created that cause flow 
current through the soil from anode 
pipe line without external power 
supply. These are effective until the 


Jeads extended 
fo ground surface 


Terminal bracher” 
welded 
to pipe 


hot. 
or lonnections. 


anode metal consumed, after 
which must replaced. Pending 
this need replacement (the time 
which can calculated from 
their current outputs), such installa- 
tions require little attention 
and therefore have certain advan- 
tages over the use rectifiers 
generators. 

Such installations 
source potential and the ground- 
bed one unit. Since the potentials 
established these cells are low, 
the current output also low, thus 
making desirable locate the 
galvanic anode quite close the 
tected. 

Zinc has been used galvanic 
anodes for some time because local 
action soil the metal surface 
slow and, therefore, the metal re- 
duction useful current flow ap- 
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Levee or Derression 


ANOOE HOLE. 


copper wire, 


Gravel backtilf in Anode 


imbedded in het 


Crushed 
Lempeg aro outside of 
efore Famping: 


Inside. 

Zine Anode. 


form 


proaches closely that 
however, the potential zinc with 
respect iron lower than desired. 
The addition gypsum the back- 
fill around anodes necessary, 
and provisions should made 
arid sections keep the beds moist 
entrapment surface water. 
(See Figure 36.) Operating records 
show that zinc galvanic anodes are 
satisfactory and economical under 
certain conditions. 

Magnesium has been use 
short time for galvanic anodes 
and the technique its proper in- 
stallation still being developed. 
Where installed the same manner 
good practice for zinc, the use- 
ful current output magnesium 
far below that calculated, the loss 
being accounted for local soil ac- 
tion. However, the relatively high 
potential between magnesium and 
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iron (1.96 volts) compared that 
between zinc and iron (0.32) 
advantage that warrants further 
study magnesium’s effective utili- 
zation. The voltage between iron 
and magnesium 1.96 volts that 
taken from standard publication 
table Electromotive Force Series; 
however, the actual voltage between 
buried iron pipe and magnesium 
found around 1.1 volts. 


Determining Distribution 
Cathodic Unit Installations 

Along pipe line the proper loca- 
tions for direct current cathodic 
protection units specified cur- 
rent capacity (usually amperes 
volts 10-inch line) must 
determined tests with equivalent 
currents from two portable engine- 
driven generators made 
ground-bed installations. These test 
generators should able develop 
higher voltage than that perma- 
nent units allow the use 
low-cost test ground-beds 
higher resistance than permanent 
ones. Test units practical size are 
2.5-kw., 50-amp., 50-volt (name- 
plate rating) generators driven 
four-cylinder gasoline engines and 
mounted pneumatic-tired two- 
wheel trailers. Such generators may 
deliver amperes with corres- 
ponding decrease voltage. 

Temporary ground-beds are pre- 
pared 300 400 feet away from the 
pipe line boring eight ten two- 
inch auger holes four five feet 
deep the lowest resistivity soil 
that can located. Single anodes 
one-inch junk steel pipe suf- 
are inserted into these holes, after 
which salt and water are added 
around them. Copper cables from 


the pipe line and second tem- 


the generator test unit are then con- 
nected, one from the negative termi- 
nal the pipe line and one from 
the positive terminal each the 
inserted pipe anodes. After the gen- 
erator started, the number the 
latter can increased required 
until the desired total current flow 
into the soil obtained. 

The first generator unit con- 
nected the pipe line and test 
ground-bed one end the line 
section along which cathodic pro- 
tection proposed. This unit then 
operated the desired current 
output for four five hours 
polarize the adjacent pipe surface. 
With the unit continuing opera- 
tion, pipe-to-soil potential measure- 
ments then are taken the copper 
sulphate half-cell electrode method 
every 200 300 feet along the line, 
starting near the unit connection 
and progressing away from same. 
These progressive measurements 
potential are continued until 
found less than 0.25 volts neg- 
ative soil (the minimum for ef- 
fective protection). Such measure- 
ments are continued beyond 
point minimum requirement 
make sure having passed the limit 
effective protection. (Note: 
previous surveys showed that nat- 
ural pipe-to-soil potentials along 
certain portions the section under 
test were such cause local cur- 
rent flow from soil pipe (i. e., 
cathodic), will necessary 
check the new values and polarity 
the artificially impressed test po- 
tentials only along those portions 
which had tested anodic.) 

The second unit connected 


porary ground-bed distance 
from the first unit approximately 
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three times the length line found 
under the effective protection (0.25 
volts minimum) the first unit. 
Both units are then operated simul- 
taneously for the polarization period 
(four five hours). With both 
units continuing operation, the 
pipe-to-soil potential measurements 
then are taken from generator 
generator find protection 
complete. Insufficient protection be- 
tween units requires moving the 
second unit and its ground-bed 
nearer the first location, and re- 


the test. Over-protection re- 


quires extension the distance 


between them, and repeating the 


test. Over-protection not only un- 
economical but also may damage 
the pipe coating. already stated, 
2.5 volts the maximum pipe-to- 
soil potential permissible—even near 
the units. 

After intervening section 
found satisfactorily protected, 
the measurements are continued be- 
yond the second unit determine 
third location which the first unit 
and ground-bed should 
ferred, and the above described pro- 
cedure repeated until the entire sec- 
tion pipe line protected has 
been covered and the number per- 
manent unit locations determined. 
Figure shows graphically the 
theoretical and actual curves pipe- 
to-soil potentials for satisfactory 
protection between successive test 
units and the determination ap- 
propriate final unit locations. 

The required spacing between 
these locations has been found 
vary greatly. bare uncoated 
ten-inch pipe line the low-resis- 
tivity soil one locality, effective 
protection would require 40-ampere 
cathodic units spaced aver- 
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age about every 750 feet: Such 
close spacing these expensive in- 
stallations economically impracti- 
cal, and the indicated solution re- 
quired that the bare pipe should 
coated well cathodically pro- 
tected. The other re- 
quired spacing was found ten- 
inch pipe line another locality 
where single rectifier unit with 
only three amperes output provided 
complete protection along forty-five 
miles mastic type coated pipe laid 
through swampy lands. One unit 
with five amperes output amply pro- 
tected equal length this line 
primed and coated with coal-tar 
enamel and laid soil having nu- 
merous low resistivity areas. 

Pipe-to-soil potentials taken dur- 
ing tests along bare poorly- 
coated pipe line will erratic— 
varying according the variations 
soil resistivity along the line. 
Such potentials along well-coated 
lines, due the high resistance 
the coating material, will nearlv 
uniform, with only slight gradient 
away from the point current sup- 
ply. Any local depressions poten- 
tial along coated lines are indicative 
coating failure. 

The above discussion spacing 
referred “cathodic how- 
ever, determine the proper distri- 
bution “galvanic anodes,” dif- 
ferent procedure must followed. 
Whereas generator rectifier units 
may afford protection entire 
length bare poorly coated line, 
anodes” are effective 
protect only isolated corrosive sec- 
tions. Enough such anodes must 
installed the local area that 
measurements made with two cop- 
per-sulphate half-cell electrodes (one 
placed directly above the pipe and 
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Figure 38—Insulating 


flange for oil and gas 
lines. 


the other about five feet away 
right angles the line) will indi- 
cate definite current flow from 
soil pipe along the local section 
protected. The latter criterion 
must serve instead the 0.25-volt 
minimum used for generator rec- 
tifier protection, inasmuch “gal- 
vanic anodes” will not normally 
establish voltages that magnitude 
even though satisfactory protection 
being given. Galvanic anodes giv- 
ing higher potential iron may 
practical and even economical 
establish complete protection 
bare poorly coated lines. Complete 
protection can attained well 
coated lines with relatively few gal- 
vanic anodes, 


Insulating Connections for 
Pipe Lines 

Pipe lines can 
electrically control current flows 
either galvanic external origin. 
Usually this done inserting 
“insulating flanges,” illustrated 
Figure 38, equivalent insulated 
connections. 

Pipe surfaces each side such 
insulating flanges should 
tected from contact with soil for 
least pipe diameters order 
prevent concentrated flow cur- 
rent from section section around 
the insulation. This protection ob- 
tained most effectively placing 
the pipe above ground suitable 
supports; however, where such 
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plan impracticable, effective 
alternative apply extra-thick 
bitumen coating (free imperfec- 
tions) along the requisite length 
pipe, and completely encase the 
insulating flanges the same coat- 
ing material. second 
certain alternative bury the 
requisite length pipe clean, 
well-drained sand. 

The insulation pump stations 
from main pipe always de- 
sirable order prevent rapid 
deterioration buried station piping 
structures which may anodic 
the main line. becomes neces- 
sary, however, where cathodic pro- 
tection unit installed station 
provide protection for the line 
adjacent stations. Near the unit the 
pipe-to-soil potential the main 
line must relatively high force 
the current intermediate and ex- 
treme points for entry into the pipe 
and flow back the station. These 
high potentials will cause prohibi- 
tive current flows station mani- 
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folds and structures unless the latter 
are properly insulated. Such struc- 
tures may include buried service 
tanks, float and stock tank bottoms, 
buried conduits, deep well casings 
and numerous other uncoated pipes. 
insulate such station, insu- 
lating flanges are placed the main 
line each side the manifold 
piping. The negative terminal the 
cathodic unit connected the 
remote side each these insu- 
lating flanges. Protection buried 
station structures can provided 
installing across one insulating 
flange shunt sufficient resist- 
ance conduct only the current 
flow required for station protection, 
enough establish 0.25 volts 
structure-to-soil potential. Figure 
illustrates such flange and shunt in- 
stallations for pump station. 
Insulating flanges often can in- 
stalled advantageously along lines 
and lateral connections reduce 
corrosion isolating the remaining 
pipe from extensive anodic sections 
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such tank bottoms, river cross- 
ings, gathering systems, and new 
pipe loops laid the same right- 
of-way with old lines. 

Insulating flanges should not 
installed existing lines until 
complete analysis has been made 
present current flow conditions and 
the probable effect such installa- 
tions. 


Bonding Adjacent Lines 
and Structures 

Buried pipe lines carrying current 
imposed external sources may 
cause damage adjacent buried 
lines, Even line under cathodic 
induce current flows crossing 
adjacent foreign lines that will cause 
them damage they are left unpro- 


method Measurement for 
Adjustment for Prevention 
unprotected lines crossing 


Line not uncer Cathodic 
Protection 


of potential is indicated when Cathodic 
Protection is switched on and of f. 


Figure 40—Method measurement for bond 
adjustment for prevention damage un- 
protected lines crossing. 
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tected. Such damage may pre- 
vented installing bond between 
the protected line and each foreign 
line. The current flow through such 
bonds increases the current flow 
through the soil the foreign line 
which reduces the current flow from 
soil the protected line; therefore, 
economical limit the current 
through bonds only that rate 
necessary prevent damage. 
good practice have representa- 
tives each line involved present 
when bond adjustments are made. 
The accepted technique for ad- 
justment current flow such 


bond follows (See Figure 40) 


electrode contact with the soil 
equidistant from each line between 
their points nearest proximity. 
Excavation may necessary 
properly place the electrode. tem- 
porary bond then installed and 
current allowed flow for several 
hours, after which the pipe-to-soil 
potential observed the foreign 
line with the cathodic protection first 
and then off the protected line. 
the pipe-to-soil potential the 
foreign line higher when cathodic 
protection the other line 
than when off, vice versa, 
the resistance the bond should 
adjusted until change occurs. 
This condition accepted indi- 
cative current flow through 
the soil the point crossing. 
The current flow expected 
through adjusted inter-line bond 
will depend, for the most part, upon 
whether the lines are bare coated. 
With both lines bare the current 
flow through the bond will 
maximum; with effective coating 
only the protected line the cur- 
rent will less, and with effective 
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coating both lines the current 


will minimum. These condi- 
tions are illustrated Figures 41, 
_and 43. 
Pipe Coatings 
The desired properties pipe- 


coating materials, their order 
importance, are: 

Good electrical insulation, 

Low moisture absorption, 

Insolubility hydrocarbons, 

Inertness soil chemicals, 

Retention form under soil pres- 


sure, and 
Ease application. 


(a) When coating the 
sole means corrosion prevention, 
good insulation prime impor- 
tance prevent metallic ion escape 
and associated local current flow 


Flow Pipe 
Lines Bare 
Crossing. 


> Curren} Flow on Pipe or Coble. 
——* Current Flow from Ground Led fo Pipe. 


Pipe 
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from the pipe surface. Insulation 


also reduces the amount current 
required for satisfactory cathodic 
protection. 

(b) Moisture absorption coat- 


reduces their insulating proper- 


ties, and whenever the moisture con- 
tent sufficient, electrical path 
established through the coating 
start corrosion. After such starts, 
and corrosion products occupy more 
volume than the original metal, this 
expansion breaks the bond between 
pipe and coating and allows exten- 
sion the corroding surface. 

(c) Coatings which dissolve 
crude oil other hydrocarbon de- 
rivatives are subject destruction 
where soil has been contaminated 


Current Flow from Pipe to Pipe, Damaging 


Figure 41—Conditions current flow pipe and through soil with both lines 
bare crossing. 
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them, their escape through resist deformation soil pressure 
microscopic leaks which uniform coating thickness 
occur pipe welds. soil 
encountered frequently along ex- (f) Coating materials require spe- 
isting lines where corrosion cial equipment for application and 
caused leaks. most desirable preparation pipe surfaces be- 
maintain effective coating along fore being applied. Each item 
these leak sections subsequent equipment also requires personnel 
treating. Failure coating operation. The more economical 
sections under cathodic protection coating materials desired proper- 
will either reduce the degree usually are those which 
tection require increase least equipment for preparation 
current maintain the desired and application. reduction haz- 
effect. personnel will follow satis- 
(d) and (e) Coating coatings can developed 
must inert reaction with nor- which may applied lower tem- 
mal soil chemicals, their present ones; how- 
destruction will They the writer’s experience 


Higher Resistance Path = —— 
Reduces Current Flew. 


tle only. 


Owned Line Coaled 


Currenl Flow on Pipe or Cable. 
Current Flow From Ground Bed fo Pipe 
Current Flow from Pipe To Pipe, Damaging 
Pipe Leaves. 


Figure 42—Conditions current flow pipe and through soil with owned line 
coated crossing. 
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that available cold-application coat- 
ings are not effective. 


Types Coatings 


general classification coat- 
ings current use is: 

Asphalt enamel, 

Coal-tar enamel, 

Mastic Coatings, 

Greases, 

Plastics, and 

Concrete. 

(a) Asphalt for pipe coating 
manufactured many grades, but 
those giving best service are the 


highly-oxidized grades with soften- 


points around 200° Fahr. Such 


materials have good resistance 
deformation. However, they will be- 
come softened and even dispersed 


with 
Both Lines Coaled 


Crossing 


Curren{ Flow oa Pipe or Cable. 


Current Flew from Ground Bed To Pipe 


when exposed oil-soaked soil. 


(b) Coal-tar enamels 
duced many grades, but those 
most satisfactory for pipe coating 
have softening point around 200° 
Fahr. They are slightly less resist- 
ant deformation than asphalt, but 
are not soluble crude oil its 
products, 

(c) Mastic coatings are composed 
inert materials such sand, fine 
gravel, asbestos and similar ingre- 
dients mixed with and bonded to- 
gether suitable asphalt coal 
tar. This mixture applied the 
pipe surface while hot passing 
the pipe through machines designed 
give continuous coverage and 


ction wt 


. oe ef Good Insulating 


Current Flew from Pipe To Pipe, Demaging 


Pipe Leaves. 


Figure 43—Conditions current flow pipe and through soil with both lines 
coated crossing. 
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control coating thickness. Coating 
thickness small diameter pipe 
around 3%” with increase thick- 
ness for larger diameters. 

coatings with asphalt 
binder have good characteristics 
resistance abrasion and deforma- 
tion under pressure but are subject 
deterioration when exposed 
crude oil its distillates. Mastic 
coatings with coal-tar binder have 
been produced but further develop- 
ment required obtain the de- 
sirable properties found asphalt 
mastics. However, 
binder eliminates the rapid deterio- 
ration crude oil and crude oil dis- 
tillates. 

(d) Greases com- 
pounds, which basically are crude 
oil petrolatum, are highly permeable 
underground moisture and are 
soluble crude oil. Moisture ab- 
sorption oil dilution reduces their 
electrical resistance and protective 
properties. These preparations tend 
distribute corrosion evenly over 
the entire anodic section, which ex- 
tends the time for the first evidence 
corrosion until the entire section 
requirescomplete replacement. Thus 
serious failure may occur instead 
merely few pit-hole leaks. In- 
hibitor chemicals added grease 
coatings assist reducing corrosion 
until the absorbed moisture causes 
their dispersion the soil. The re- 
moval grease coatings from pipe 
for subsequent application hot- 
bitumen must complete. 

(e) The plastic coatings for pipe 
applied date have given wide va- 
riations results, definite 
statements are possible. Most 
them have been produced the 
form wrappings for use with 
bonding material with other 


types coating between them and 


the pipe. general they decay in. 


contact with the soil, and the decay 
products may introduce additional 
corrosive substances adjacent the 
pipe. Where soil chemical ingredients 
are comparatively inert, plastics will 
have better chance survival and 
should less likely accelerate 


when coating decomposi- 


tion occurs. 

(f) Concrete has been used exten- 
sively coating some compa- 
nies, but most them have aban- 
doned its use because its tendency 
check and crack with age. These 
symptoms result from temperature 
and moisture variations that cause 
pipe flexure and soil movement. 


Application Coatings 


Bitumen 
usually are applied with protective 
and/or reinforcing wrappers. When 
embedded the coating material, 
such wrappers serve 
ment. When applied the surface 
they act not only reinforcement 
but also protection from soil ac- 
tion stress. Wrappers applied 
the surface hot coatings before 
cooling are termed “bonded wrap”; 
those applied after cooling are 
termed “unbonded wrap.” 

Wrappers composed organic 
fiber decay rapidly soil and are 
highly conductive moisture be- 
fore decay sets in. Numerous inspec- 
tions pipe with fiber-reinforced 
bitumen coatings have revealed sur- 
corrosion having the pattern 
the reinforcing wrapper. Wrappings 
should contain the highest permissi- 
ble percentage materials inert 
soil. Asbestos most commonly 
used, but organic fiber added 
give the desired strength for han- 
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dling. recently developed fibrous 
glass wrapper has possibilities be- 
cause its basic materials are inert; 
lighter and stronger than asbestos 
wrapper. Organic paper wrap 
often applied over other wrappers 
protect the latter during hauling and 
handling the trench. 


Testing Coatings the Field 


“Holiday” the term applied 
defective area coating. the 
full value coating realized, 
necessary detect and repair 
all holidays coating before the 
line buried. 

The detection holidays accom- 
plished impressing 60-cycle 
other alternating potential between 
pipe and coating surface approxi- 
mately 4,000 volts per 1-32-inch 
bitumen coating thickness. The po- 
tential source must constant 
assure uniform test, and the maxi- 
mum current flow the high-vol- 
tage circuit should limited 
resistor milliamperes. For such 
testing one company’s corrosion en- 
gineers use 300-watt engine-driven 
generator delivering 110 volts 60- 
cycle modified neon sign 
transformer which produces the re- 
quired test voltage. the pipe 
rack, one side the high-tension 
circuit grounded the pipe. 
the trench, the ground connection 
made the soil. both cases the 
other side the circuit connected 
through suitable insulated cable 
circular semi-circular metallic 
brush coil-spring device (equipped 
with insulated handle) which 
passed over the coating surface. The 
coating surface must dry the 
time testing. Occurrence 
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spark (or arc) indicates the location 
holidays. 

Only bituminous materials, with 
some variations finished applica- 
tion, have been used coatings 
the company system. Those applied 
prior the survey during 1933 in- 
cluded asphalt enamel, asphalt-chro- 
mated emulsion, coal-tar enamel and 
coal-tar solutions. The enamels gen- 
erally had been applied without 
wrappers, However, few short sec- 
tions pipe were covered with 
alternate layers asphalt enamel 
and wrapping. All these coatings 
were inspected during the survey. 
The unwrapped coatings which had 
been service more than two years 
were found ineffective. Coat- 
ings with protective wrappers were 
better condition. 

Electrical 
along sections the various lines 
more recently coated will better il- 
lustrate the results expected 
from the different types coatings. 
Measurements were obtained sur- 
face potentials and converted 
pipe-to-soil potentials. 
were under cathodic protection dur- 
ing these measurements. 

The graphic records shown 
Figures and are two sec- 
tions line, one section (Figure 44) 
was coated with coal-tar enamel 
during 1936 and exposed oil- 
soaked soil from previous leaks with 
additional surface contamination from 
old oil field. The other section 
(Figure 45) was coated with as- 
phalt during 1940 and exposed 
oil-soaked soil from previous leaks. 

Pipe-to-soil potentials along well- 
coated lines will decrease gradually 
with increase distance from where 
protection units are located, and this 
decrease normally caused the 
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potential drop from current flowing 
the pipe metal, sudden drop 
potential any point along the line 
indicative coating holidays— 
either voids failures. certain 
slope potential has been observed 
during one survey, and later meas- 
urements show variations, evi- 
dent that the coating deteriorat- 
ing. 

Preparation Pipe for Coating 

This discussion considers only the 
preparation pipe surface for ap- 
plication primer and hot bitumen 
coating. For successful results, sev- 
eral basic requirements must met, 
the most important which are: 

(a) Elimination moisture, and 

foreign material containing 
moisture, from the pipe sur- 
face; and 

(b) Securing continuous effec- 

tive bond between primer and 
pipe surface. 

Requirement (a) the most im- 
portant because application the 
hot coating vaporizes any remaining 
surface moisture and causes bubbles 
voids—often imperceptible—in 
the coating through which soil mois- 
ture will penetrate and cause corro- 
sion after the pipe buried. 

Surfaces new pipe can 
readily cleaned mill scale and for- 
eign matter mechanical cleaning 
devices preparation for the appli- 
cation normal priming material. 
After sufficient drying period for 
the latter, the pipe ready re- 
ceive the hot coating. 

Cleaning old pipe having pitted 
sections and 


products more difficult. The only 
effective means removing all such 
products from the rough surface 
are “shot-” and The 
method expensive, and shot-blast- 
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ing can done only stationary 
plants. The inclusion corrosion 
products, particularly iron oxide, 
under coatings not detrimental 
the associated moisture can elim- 
inated fact, iron oxide the base 
many metal primers. 

Pipe surface primers, diluted 
least three parts solvent, usually 
will penetrate most the corrosion 
products left pit holes the pipe, 
and such will cause most the in- 
cluded water moisture 
exuded the surface where can 
evaporate. The coat dilute primer, 
after drying, gives surface 
which the regular primer forms 
good bond. Initially 
primer may not remove all the 
water; however, after has dried 
sufficiently allow application 
the normal primer, the surface mois- 
ture content will low enough 
prevent damage coating 
support subsequent corrosion 
tivity underneath. 


ECONOMICS CORROSION 
MITIGATION 


Expenditures made for cor- 
rosion mitigation may considered 
under (1) those proposed for new 
lines and (2) those proposed for 
existing lines. 


Economics Protecting New Lines 


The probable corrosion ex- 
pected unprotected new lines can 
only approximated, either from 
soil surveys made along the pro- 
posed route study experi- 
ence existing lines the vicinity. 

Many older lines have been con- 
structed from heavier walled pipe 
than would have been necessary 
covered with 
coating. The extra metal thickness 
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was not required resist internal 
pressure, and could have been 
eliminated available materials and 
methods for corrosion mitigation 
had been incorporated the line 
construction. Pipe made from alloy 
steels, with less weight but with 
bursting strength 
standard-weight pipe, should save 
enough the pipe purchase price 
and handling expense almost off- 
set even exceed the cost good 
coating, 

Experience recently demonstrated 
that miles 10-inch pipe 
coated with machine-applied coal- 
tar enamel and single asbestos-felt 
wrap were cathodically protected 
from one rectifier installed one 
end the section with only am- 
peres current. The coating was 
applied carefully while the pipe was 
above the trench, 
checked with holiday detector, and 
then all found holidays were prop- 
erly patched before the line was 
buried. Past records indicate that 
coatings unaffected oil will have 
long life conjunction with ca- 
thodic protection. 

From the above may con- 
cluded that, for maximum economy, 
new lines should built mini- 


mum-weight pipe satisfactory 


operating pressures, that this pipe 
should well-coated when first 
laid, and that cathodic protection 
cal thereafter. Such construction 
gives promise line with long 
service life, reasonable assurance 
continuous operation far cor- 
rosion concerned, and eventual 
pipe salvage value nearly equivalent 
that new laid pipe. 
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Economics Protecting 
Existing Lines 

The principal factors con- 
sidered determining the survey 
time and extent, and total expendi- 
tures justifiable for corrosion miti- 
gation existing line will in- 
clude several factors which warrant 
individual consideration each 
proposed project. The relative im- 
portance these factors may 
change reason circumstances. 
They are: 


Service Requirements: 
Required life 
Required continuity 
Probable Unprotected 
Leak frequency and distribution 
Leak costs 
Temporary and permanent re- 
pairs 
Loss commodities 
Damage and liability 
Salvage value pipe 
These several factors are each dis- 


cussed briefly the following sec- 
tions: 
Service Requirements 

Required Life: The probable 
required service life line will 
determination the de- 
gree protective measures needed, 
viz., line with short required 
life would need only sufficient pro- 
tection keep operable for that 
period; conversely, one with long 
required life should have measures 
applied that will remain effective 
over any desired period time, 

Required Continuity Opera- 
tion: Continuity operation be- 
comes factor follows: When the 
line operating maximum ca- 
pacity, shutdown (resulting from 
corrosion) causes not only repair 
expense and loss transportation 
revenue, but also possible losses ir- 
recoverable shippers those 
receiving the transported oil. When 
the line operating reduced ca- 
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Figure 
lines and with respect location 
along single line. Future frequency 
can predicted with reasonable ac- 
curacy after few pit leaks have 
creases the length line 


thereof; however, this accuracy de- 
shortened. 


follow mathematical series, the se- 


leak frequency has been found 
ards increasing the pumping quence which varies different 


hole 


under the second 


may only minor importance. 
Corrosion pit 
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Curves plotted 
cross-section paper with accumu- 
lated pit leaks ordinates, and time 
years abscissas, will result 
approach straight line long 
mitigation measures are ap- 
plied. Such curves may extra- 
polated for few years and the 
number probable pit leaks pre- 
dicted with reasonable degree 
accuracy. The curves plotted 
semi-logarithmic cross-section paper 
with accumulated pit leaks along 
the logarithmic scale and time 
years along the equi-division scale 
will give sufficient accuracy for 
practical purposes, comparison 
illustrated Figures and 46. 

The formula for predicting pit leak 
frequency is: 

where Accumulated leaks due cor- 
rosion 
axis, which the value 
when one year 
The probable future pit leaks indi- 
cated curve extrapolation serve 
index future expenditures 
required for repairs and corrosion 
mitigation measures associated with 
these leaks. 

Corrosion survey data are major 
supplement leak records. They 
are special importance when leaks 
have not yet occurred and where 
corrosion mitigation measures are 
contemplated. These data will indi- 
cate areas probable leaks and 
relative distribution, and allow pre- 
diction the extent line requir- 
ing immediate eventual recondi- 
tioning. 

Cost Pit-hole Leaks: Since 
the pit-leak curve may extrapo- 
lated predict the probable leaks 
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for few succeeding years, the 
eventual cost individual leaks 
known, possible estimate the 
probable total cost expected 
any section pipe. The elements 
the eventual cost are itemized be- 
low: 

Repairs: The cost pit 
repair includes (a) expenditures 
made the time emergency re- 

pair and (b) subsequent expendi- 
tures for permanent repair. The 
first type includes those incurred 
repair crew get the leak, 
excavate for and make tempor- 
ary repairs installing patch 
held place with clamps. Per- 
manent repair secure the patch 
pipe usually must made 
later date after evaporation 
escaped fluids permits safe weld- 
ing the site. 

When number pit-hole 
leaks have occurred small area 
pipe, becomes necessary 
recondition the pipe replace it. 
This cost should included 
part the eventual leak cost be- 
cause, leaks had occurred, 
the expenditure for reconditioning 
would not have been made. Com- 
pany records show eventual cost 
individual cost individual pit 
leaks repaired spot recondi- 
tioning between $500 and 
$600 each. 

Loss Commodities: Losses 
commodities through corrosion 
leaks will vary value according 
kinds oil transported (e.g., 
crude oil may worth $1.25 per 
barrel and gasoline $2.50), 
higher values commodity will 
correspondingly increase the need 
consider this factor, Through 
some pit leaks practically fluid 
may escape; however, certain 
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highly-colloidal clay areas where 
the soil cracks below the surface 
level drying, some leaks—often 
not discernable the surface— 
have lost several hundred barrels 
daily prior their discovery. 

Liability and Damage from 
Corrosion Leaks: Liability and 


corrosion 


titory the probable cost will 
low. highly-cultivated ground, 
suburban tracts and municipali- 
ties the probable cost will high 
and increase the justification for 
mitigation those 
areas. 

Salvage Value Pipe: Salvage 


value the termination pipe’s 
economic life minor how- 
ever, the pipe relaid, there 
will appreciable saving its 


damage losses are not accurately 
determinable, but average can 
obtained from past records. 
sparsely-settled, uncultivated ter- 
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surface does not require abnormal 
cleaning and reconditioning. 

When the required service has 
been defined, and the probable costs 
obtaining this service with 
unprotected line have been estimated, 
then approximation can made 
the expenditures justified for cor- 
rosion control. This justified amount 
promise the best returns over the 
period required service life, 
consideration which leads choice 
the most practical and economical 
method 


Choosing Methods Protection 

The most practical methods 
securing desired results are: 

Rehabilitation corroded pipe 
electric welding replace 
lost metal deep the 
application additional plate 
metal where necessary and the 
replacement irreparable pipe. 

Application coating the 
entire line sections where 
surveys have indicated the need. 

Application cathodic protec- 
tion, this include all coated 
sections unless future estimated 
life less than five years. 

(1) Rehabilitation may done 
with two objectives. First, coat- 
ing alone used the protective 
measure, restore metal the pipe 
surface quantities allow for 
subsequent corrosion which most 
probably will occur. Second, where 
cathodic protection and coating are 
service life, restore only mini- 
mum reduced metal before the 
coating applied. 

(2) Only when the required serv- 
ice life short, application coat- 
ing short sections line justi- 
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fied. When the justified expenditure 
sufficient and the required service 
life between five and ten years, 
usually best install “galvanic 
anodes” augment the coating pro- 
tection. lines have required op- 
eration life more than ten years, 
they should coated from station 
station and provided with cath- 
odic protection units stations 

(3) Cathodic protection may 
applied bare poorly-coated 
lines, but the costs installation, 
power and maintenance the larger 
number units then required may 
approach exceed the cost coat- 
ing plus costs installing and oper- 
ating fewer units. Location these 
units stations permits regular in- 
spection and assures better continu- 
ity operation, 

With knowledge gained through 
experience the relative merits 
the above-described methods, 
estimate can made—within the 
justified expenditures—of the cost 
the method combination 
methods most applicable for the con- 
ditions each individual problem. 
above stated, proper protective 
measures result mainte- 
nance cost, curtailment com- 
modity losses, better continuity 
operation, and higher salvage value 
recovered pipe. 


SUMMARY 


Corrosion pipe other 
buried structures caused elec- 
tric currents which flow from metal 
soil and electrolytically reduce the 
metal. Such currents mav originate 
locally from chemical action Na- 
ture’s electrochemical cells or, occa- 
sionally, may “stray” from direct- 
current generating stations. Those 
from natural-cell action vary in- 
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tensity and corrosiveness with local 
soil compositions, moisture contents 
and pipe surface conditions. 

The electric forces associated with 
corrosion are detectable with suit- 
instruments that permit its lo- 
cation and relative severity 
generally determined existing 
pipe lines surface tests, with- 
out excavation. With the aid these 
test data and pit-hole leak records, 
the rate its future ravage can 
approximately predicted. Less con- 
clusive estimates corrosion 
expected proposed new lines can 
made also from surface tests 
along the route. 

Corrosion can retarded pre- 
vented reducing reversing the 
injurious pipe-to-soil current flows. 
order increasing effectiveness 
this can accomplished by: (1), 
application current-resistant pipe 
coatings; (2), establishment soil- 
to-pipe counter currents from either 
(a) buried galvanic anodes (b) 
external direct current and 
(3), combinations coatings and 
counter-current protection. Coating 
alone has but limited effective life. 
Counter-current protection without 
coating often prohibitive cost. 
The two appropriate combination 
are most economical and effective 
give pipe lines their required service 
life. 

Corrosion the prime factor 
the cost line pipe service, and 
must reckoned with well 
station underground structures. 


When the years required service 
line are known, several factors 
can evaluated determine how 
much should spent corrosion 
prevention facilities effect mini- 
mum over-all cash outlay for capital 
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construction (less salvage credits), 
line maintenance, and losses—which 
latter include lost commodities, lost 
transportation revenues, inconveni- 
ences shippers and refiners, and 
local leak damage. 

Steps arrest corrosion exist- 
ing pipe lines should taken before 
abnormal maintenance costs are in- 
curred. The lowest over-all will re- 
sult preventive facilities are in- 
stalled under comprehensive pro- 
gram rather than piecemeal. Protec- 
tive facilities new lines should 
planned and installed when the line 
constructed. 

Inasmuch the local soil and pipe 
conditions cause and prevent 
corrosion follow the patterns elec- 
trochemical cells, working 
edge cell actions and experience 
with their application practical 
requirement for those who would 
survey corrosion, interpret results, 
and choose and design protective 
measures. This report aims give 
the layman general knowledge 
the principles underlying corrosion 
and the prevention practices the 
corrosion engineer. 
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Author’s Note: Concentration 
ferred this manual are not salts the 
metal involved but are salts normally found 
the soil. 
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Corrosion Problems 
Production and Pipe Line Industry 


Petroleum 


Rogers 


Gulf Oil Corporation 


business producing and 

transporting crude oil requires 
the use thousands tons steel, 
most the form tubular 
goods. Corrosion losses are ap- 
preciable item each these 
branches thé oil industry and 
difficult determine which suf- 
fers the greatest economic loss. For 
the pipe-line side there are approxi- 
mately 150,000 miles trunk lines 
service. These have approxi- 
mate equivalent 6-inch pipe size and 
weight 7.5 million tons. the 
production side there are 400,000 oil 
wells. These have approximate 
average depth 3,000 feet and each 
has one full and one partial string 
casing. addition, most cases 
each has string tubing and 
string sucker rods. The weight 
this equipment approximates tons 
steel per well million tons 
total. 

Although the corrosion problem 
great economic importance 
each these portions the indus- 
try the pipe-line branch has shown 
much the greater interest the 
subject and return has reaped the 
greater rewards. contrast 
difficult understand the failure 
the oil producing people in- 
vest appropriate amount time 
and money subject costly 
oil well corrosion. 

Perhaps one reason for the large 
amount work done the subject 
soil corrosion due the stimu- 
lus competitive investigations 


brought about through series 
group researches the subject. 
this work the studies the soil 
corrosion section the Bureau 
Standards and the pipe coating stu- 
dies the American Petroleum In- 
stitute have played important parts. 
The soil corrosion tests the Bu- 
reau Standards under the direc- 
tion Mr. Logan ‘were 
started 1922. The tests consisted 
ferrous pipe samples buried 
locations scattered over the United 
States. This work became the focal 
point for many studies the gen- 
eral subject soil corrosion. The 
results these individual studies 
were usually presented the five 
soil corrosion conferences held un- 
der the auspices the Bureau 
Standards, While the great propor- 
tion these papers are doubtful 
scientific value there little ques- 
tion but that the main much was 
learned about the subject. The main 
problem attacked these studies, 
however, i.e., simple positive way 
predetermine the corrosivity 
the soil any given point, far 
from solution when the inves- 
tigation was first made. 

Another important group re- 
search was the American Petroleum 
Institute pipe-line coating study. 
This work required ten years for 
completion and expenditure 
many thousands dollars. the 
inception these tests pipe-line 
coatings the market were legion 
number and qualifications. The 
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tests went far demon- 
strating both seller and purchaser 
what pipe-line coatings could ex- 
pected and what they would 
not resulted directly re- 
market which while little 
value were enjoying good sales 
the start the test. 

The most important development 
from all this work was that elec- 
trical protection. The art this 
method controlling corrosion has 
been known the scientific world 
for many years. Its first practical 
use for the pipe-line industry de- 
veloped the Gulf Coast and its 
use spread rapidly after its presen- 
tation the 13th annual meeting 
the American Petroleum Institute 
Houston, Texas, 1932. The 
pipe-coating tests the A.P.I. had 
shown pipe coatings have the in- 
herent weakness exposing areas 
metal the soil points soil 
penetration application holidays. 
The ability seal these areas eco- 
nomically with electrical protection 
has given great impetus the 
double use coatings and electrical 
protection insure that there 
corrosion attack soil buried 
pipes. Today with the tools elec- 
trical protection and pipe-line coat- 
ings proper composition the cor- 
rosion engineer can guarantee com- 
plete cessation soil corrosion 
buried pipe. 

Pipe lines engaged handling 
sour crude oils developed internal 
corrosion problems during the de- 
pression years and this problem ap- 
peared for time one the 
first magnitude. Corrosion trouble 
from the handling sour oils has 
been common for lead lines sul- 
fide fields since the first sour oils 
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were produced. 
rapid corrosion rate has been asso- 
ciated with lines this type due 
the fact that they often are idle, 
allowing water associated with the 
oil settle the pipe bottom and 
due the air which could some- 
times enter such lines through the 
line emptying itself when discharg- 
ing oil gravity simply through 
reaction with the oxygen which dis- 
solved the oil virtue being 
contact with open stock 
tanks. 

Trunk lines handling sour oils 
have, the contrary, been rather 
free internal corrosion difficulties. 
During the depression years the 
main oil lines from West Texas de- 
veloped serious internal corrosion. 
The only apparent clew the trou- 
ble lay the greatly reduced 
throughput the lines compared 
with their designed capacity and 
initial pumping rates. 

Studies were made the relation 
crude velocity and pipe size 
the ability water remain dor- 
mant the pipe bottom. The re- 
sults showed that when the oil ve- 
locity approached feet per 
second water would not settle 
the pipe bottom but picked 
and carried along with the stream. 
velocities appreciably less than 
this the water settles the pipe 
bottom and remains contact with 
the steel pipe, resulting pitting, 
the order 0.100 inches per 
year. Sour oil lines which operate 
these high oil velocities are free 
internal corrosion troubles unless 
they contain pockets welded 
screw coupled ends where water can 
settle out the oil stream. such 
cases the pockets other traps 
must cut from the line elimi- 
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nate them sources internal 

Where the pipe line cannot 
operated high velocities the ma- 
jority the time necessary 
use other means 
water from the pipe interior. Rub- 
ber disc swab scrapers have been 
found answer this prob- 
lem and can used with complete 
success the line one continu- 
ous surface available for the rub- 
ber disc contact. 

Other methods than the two de- 
scribed are necessary for such lines 
cannot kept clean velocity 
scrapers. These are. part-time 
gathering lines, suction lines around 
pipe-line stations, etc. These are 
usually low ‘pressure lines and cor- 
rosion-resistant pipe such asbes- 
tos-cement pipe may used. This 
pipe made for 200 p.s.i. pressure 
which sufficient for most lines 
this type. The couplings are the 
same corrosion resistant materials 
the pipe and thereby present 
joining difficulties from corrosion. 

The products pipe-line industry, 
handling materials such gasoline, 
kerosene, butane, etc., started busi- 
ness without any indication that in- 
ternal corrosion would become 
factor. Much the surprise the 
corrosion engineers this indus- 
try these pipe lines rapidly devel- 
oped severe from cor- 
rosion attack. This tuberculation in- 
creased the friction factor the 
lines such extent that the dailv 
pumpings fell some cases 
percent and percent the de- 
signed throughput. Such reduction 
the pumpings affected seriouslv 
the earnings the pipe-line com- 
panies. has been found that al- 
though the change the pipe fric- 
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tion factor serious, the rate 
loss the pipe wall not suffi- 
ciently rapid major con- 
cern. excellent symposium 
this subject was held the 24th 
meeting the API Chicago, No- 
vember, 1943. This symposium 
shows the remedies taken that 
time each the major products 
pipe line companies. Fortunately 
the industry has met and solved this 
problem. This most successfully 
done either two water soluble 
inhibitors. One the use sodium 
nitrite, patented process, and the 
other the use sodium chromate. 
Experiences given the literature 
with pipe lines combined with un- 
published laboratory work show 
that for pipe-line waters less than 
1,500 p.p.m. total solids and 
values above 8.0 that two percent 
either these materials the 
effluent water gives almost positive 
protection. The use scrapers with 
these inhibitors usually resorted 
although their use may super- 
fluous after the pipe line cleaned 
the scale formed before treatment 
was started. 

might appear from the forego- 
ing that the pipe-line business has 
successfully solved all its corrosion 
problems. Such not quite the 
case. There yet adequate rem- 
edy for the continued loss pipe- 
line storage tanks from the handling 
sour oil. The undersides the 
decks, the rafters, the 
sheets and the bottoms these 
tanks are subject high rate 
corrosion. The decks are penetrated 
and general repairs are required 
months. The bottoms can 
concrete slab. The deck and other 
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portions the vapor space are 
usually repaired The 
paints used most generally are coal- 
tar plastics applied several coats. 
The success these coatings de- 
pends entirely upon their applica- 
tion without holidays and 
thickness not less than 0.030 inches. 
The application these coatings 
rel deck dark, poorly lighted 
area temperatures frequently over 
100°F. decreases 
that good job will done. Either 
more corrosion-resistant metals 
successful coatings fool-proof ap- 
plication should 
methods handling this problem 
will discarded. 

The corrosion problems the 
production business cannot dis- 
cussed the same that 
the pipe-line business there 
similar record problems en- 
countered 
When discussing oil-production cor- 
rosion problems, the field usually 
divided into two groups. One group 
consists the non-sulfide wells 
while the other the sulfide wells. 
This division based upon the 
general fact that sulfide wells show 
greater corrosion difficulties than 
non-sulfide wells, although some 
the latter produce highly corro- 
sive fluid. 

stated earlier, the oil-produc- 
tion industry has not spent any 
great amount time money 
this there are few 
items regarding the literature. 
One the earliest publications 
the subject the 1925 Bureau 
Mines Bulletin 233, “Protection 
Oil and Equipment 
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Mills. Since this time few investi- 
gators have worked upon the prob- 
lem but great changes meth- 
ods for handling have been de- 
veloped. general when well pro- 
duces corrosive fluid the corroded 
equipment replaced until the time 
arises when producing the well be- 
comes uneconomic and the well 
abandoned. Such abandonment does 
not, however, usually occur until the 
well produces very high percent- 
age water and little oil. The high 
percentage water produced is, 
course, one reason for the rapid 
corrosion rate, although wells pro- 
ducing large quantities water 
not always suffer greatly from cor- 

One the main reasons for the 
failure learn exactly why oil-well 
subsurface corrosion takes place 
due the complexity the prob- 
lem, list some the more im- 
portant factors entering into this 
corrosion reaction may expressed 
the following: 


Where: Temperature 
Time exposure 
Electrical resistance the 
circuit 
Fluid velocity 
Hydrogen ion concentration 


Water-oil ratio 


Composition the water 
Wetting power the oil 
Pitting factor 
Protective coatings such 
paraffin from the oil 
calcium carbonate from 
the water 
Amount 


addition the large number 
factors reckoned with must 
realized that once well se- 
lected for study certain the im- 
portant factors such the fluid 
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temperature and the water-oil ratio 
may change widely within short 
period time and this turn may 
affect the deposition such natu- 
ral protective coatings would 
obtained from the wetting ability 
the oil the deposition paraffin 
der that little progress has been 
made with subject full va- 
riables. Then, too, another factor 
which has prevented 
change the corrosion resistance 
materials used for oil wells that 
such large tonnages metal are 
required per well. The specifications 
tubular goods have been changed 
over the past several years give 
greater physical properties case 
and tube deeper wells, but added 
price given yet for greater cor- 
rosion resistance except for rela- 
tively small tonnage certain tu- 
bular materials, some classes 
sucker rods and low-weight mate- 
rials polished rods, well pumps, 
ball and seats, etc. doubtful 
that the producing business could 
pay average increased price 
per pound premium for all casing 
and tubular goods eliminate the 
corrosion which occurs. 

During the past five years new 
type corrosion has appeared 
deep high-pressure wells producing 
from condensate fields. These wells 
are usually great depth, have 
high and produce largely 
gas with quantities liquid rang- 
ing from per mil- 
lion feet gas, the average 
rels per million. has been found 
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that the tubing, Christmas tree 
equipment and flow lines some 
these wells have been subject 
severe corrosion. Fortunately the 
corrosion has been detected time 
prevent the wells from blowing 
out but the danger always present 
that well will get away. This type 
trouble has been detected 
fields and considerable inter- 
est being aroused the subject. 
symposium this type cor- 
rosion was held the National 
Association Corrosion Engineers 
annual meeting 1943. The Natu- 
ral Gasoline Association America 
currently sponsoring group re- 
search project this subject, 
nanced number oil compan- 
ies. This work has taken the direc- 
tion fellowship the Battelle 
Memorial Institute investigate 
the problem. The National Associa- 
tion Corrosion Engineers like- 
wise sponsoring investigation 
determine the corrosion resistance 
metals and alloys exposed 
these corrosive fluids. This work 
will start with evaluation the 
corrosion resistance metal cou- 
pons exposed the flow streams 
these wells. There doubt 
but that the interest stimulated 
the subject these two investiga- 
tions will result the development 
valuable information the sub- 
ject. They are the first signs 
group interest the subject pro- 
hoped that they will eventually de- 
velop the same active interest 
followed similar moves for the study 
soil corrosion. 
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Convention and Exhibition 


1946 ANNUAL CONVEN- 

TION and Corrosion Exhibition 
N.A.C.E. scheduled for May 
and Hotel President, Kansas City, 
Missouri. All technical sessions and 
the Exhibition will held the 
Auditorium, with committee meet- 
ings, the buffet supper and the ban- 
quet being staged the Hotel 
President. 


Growth N.A.C.E. since its last 


annual meeting, held Houston 
1944, has been rapid that 
longer possible attempt cover 
the subject adequately single 
series sessions. The program has 
therefore been divided and classified 
into symposiums, each 
tegral part industry. Two sympo- 
siums run concurrently, being ar- 
ranged permit members and 
visitors select sessions which bear 
most directly their own problems 


rogram 


TUESDAY, MAY 


9:00 A.M.—Committee Meetings 
Policy and Planning Committee 
Cobb, Chairman, 
Ebasco Services, Inc. 
Technical Practices Committee 
Mears, Chairman, 
‘Aluminum Company America. 
Publications Committee 
Dr. Ivy Parker, Chairman, 
Plantation Pipe Line Company. 
Regional Management Committee 
George McComb, Chairman, 
Barrett Division, Allied Chemical 
Dye Corp. 
Galvanic Anode Committee 
Miller, 
Ebasco Services, Inc. 


WEDNESDAY, MAY 


9:00 A.M.— 
Condensate Well Corrosion Committee 
Walter Rogers, Chairman, 
Gulf Oil Corporation. 
All committee meetings scheduled 
for Hotel President. 


TUESDAY, MAY 


9:00 A.M.— 


(1) Registration 
Foyer, Municipal Auditorium. 


(2) Opening Exhibits 
Arena, Municipal Auditorium. 
2:00 P.M.—General Assembly 
Brannon, Presiding. 
(1) Opening 
2:00 p.m.-2:15 p.m. 
Brannon, Humble Pipe 
Line Company, President 
National Association 
Corrosion Engineers. 
(2) “Romantic Views Corrosion 
2:30 p.m.-3:15 p.m. 
Rosch, Anaconda Wire 
and Cable Company. 
(3) “The Economic Considerations 
Corrosion Problems” 
p.m.-4:00 p.m. 
Rohrman, Kansas State 
College. 
(4) General Business Meeting 
4:00 p.m.-4:30 p.m. 
Members only. 
(5) Adjourn and Visit Exhibits 


6:30 P.M.—Cocktail Hour 
Courtesy Exhibiting Manufacturers. 


7:30 P.M.—Buffet Supper 


Main Ball Room, President Hotel 
Brannon, Presiding. 
“The Challenge the Atomic 
Speaker, Professor Henry Hass, 
Purdue University, Head 
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WEDNESDAY, MAY 
9:00 A.M.—Water Industry 


Arthur Price, 
ment Water and Power, 
Los Angeles. 


Chairman—Depart- 
City 


(1) “Cathodic Protection Corro- 
sion Control Method Applied 
Steel Surfaces Submerged Wa- 
ter” 

Proofing Corporation, 
Ohio. 


(2) “Corrosion the Water Industry” 
Arthur Price, Dept. Water and 
Power, City Los Angeles, Los 
Angeles, California. 


Electro-Rust- 
Dayton, 


(3) “Designing Water Pipe for Long 
Life and High Carrying Capacity” 

Garrett, Thompson Pipe 

and Steel Co., Denver, Colorado. 


(4) “Corrosion Cooling Water Sys- 
tems and Service Lines” 
Redman, Hall Laboratories, 
Inc., Pittsburgh, Pennsylvania. 


(5) “Corrosion Problems Applied 
the Interior Water Distribution 
Systems” 
ton, Department Water, Kan- 
sas City, Missouri. 


WEDNESDAY, MAY 


9:00 A.M.—Electrical and Communication 
Symposium 
Raymond Waggoner, 
Chairman, Hubbard and 
Company. 


(1) “Cathodic Protection and Applica- 
tions Selenium Rectifiers” 
Bonner, Federal Telephone 
Radio Corporation, 
Newark, New Jersey. 


(2) “Corrosion and Around Gene- 
rating Stations” 


Keeth, Kansas City 
Power Light Company, 
Kansas City, Missouri. 


CONVENTION AND EXHIBITION 


(3) “The Attenuation Drainage Ef- 
fects Long Uniform Structures” 
Robert Pope, Bell Telephone 
Laboratories, 
New York, New York. 


(4) “Cable Corrosion Non-Stray 
Areas” 
Standring, American 
Telephone Telegraph Co., 
New York, New York. 


(5) “Construction and Ratings 
Copper Oxide Rectifiers” 
Burton, General 
Electric Company, 
Bridgeport, Connecticut. 


(6) “Cathodic Protection Rectifiers” 
Westinghouse Electric Corp., 
Houston, Texas. 


WEDNESDAY, MAY 


2:00 P.M.—Chemical Industry 


Paul Bachman, Chairman, 
Commercial Corporation. 


(1) “Clad Steel Processing Equipment 
for Chemical and Allied Industries” 
Everett Gosnell, Lukens Steel 
Company, 
Coatesville, Pennsylvania. 


(2) “Corrosion Aqueous Solutions 
Absence Oxygen” 
Berry, Servel Corp., 
Evansville, Indiana. 


(3) “Condenser Tubes Aluminum 
Alloys” 
Dr. Mears, Aluminum 
Company America, 
New Kensington, Pennsylvania. 


~ 


“Permeability and Corrosion 
Protective Coatings” 
Dr. Siddall, United States 
Stoneware Company, 
Akron, Ohio. 


(5) “Application Carbon and Graph- 
ite Resist Corrosion” 
Ford, National Carbon 
Company, Cleveland, Ohio. 


WEDNESDAY, MAY 


2:00 P.M.—Gas Industry 
Guy Corfield, Chairman, 
Gas Company. 
(1) “The Installation and Protection 
Underground Gas Distribution Sys- 
tems With Pipe Line Enamels” 
Mellon, Canadian Western 
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Natural Gas, Light, Heat and 
Power Company, Ltd., 
Calgary, Alberta, Canada. 


(2) “Magnesium Anodes for the Ca- 
thodic Protection Underground 

Robinson, Dow Chemical 
Company, Midland, Michigan. 


(3) “Use Fibrous Glass Under- 
ground Pipe Protection” 
Owens-Corning Fiberglas Com- 
pany, Toledo, Ohio. 


(4) “Neutralizing Circuit for Elimina- 
tion Long Line Current Cor- 
rosion” 

Wm. Schneider, Pacific Gas 
and Electric Company, Emery- 
ville, California. 


(5) “Results Obtained From Years 
Cathodic Protection 24-Inch 
Gas Line Rapidly Deteriorating 
From Bacterial Corrosion” 

Wm. Huddleston, 
Bartlesville, Oklahoma. 


7:00 P.M.—Banquet 


Main Ball Room, President Hotel 
Brannon, Presiding 
(a) Introduction New Officers 
(b) Speaker, Roe Bartle 
(c) Entertainment 


THURSDAY, MAY 


9:00 A.M.—General Industry 
Mears, Chairman Aluminum 
Company America. 


(1) “Effect Galvanic Cor- 
rosion” 

George Seagren, Mellon In- 

stitute, Pittsburgh, Pennsylvania. 


(2) “Disadvantages Dissimilar Met- 
als Equipment” 
Hieronymus, Kansas City 
Power Light Co., 
Kansas City, Missouri. 


(3) “Maintenance Oil Field Equip- 
ment” 
Hiskey, Dearborn Chem- 
ical Company, 
Los Angeles, California. 


(4) “Corrosion Ratings for Metals and 
Alloys” 
Holler, Research Engineer, 
Westinghouse Electric Corpora- 
tion, Houston, Texas. 


Vol. 


(5) “Designing Prevent Corrosion” 
Aluminum Company America, 
New Kensington, Pennsylvania. 


(6) “Trends Painting Structural 
Steels” 
William Singleton, Pont 
Nemours Co., 
Philadelphia, Penna. 


THURSDAY, MAY 


9:00 A.M.—Oil Industry 


Walter Rogers, Chairman, 
Gulf Oil Corporation. 

George Calhoun, Co-Chairman, 
Shell Oil Corporation. 


(1) “Resistance Some Nickel Con- 
taining Alloys Corrosion 
West Texas Crudes” 

Morton, The International 
Nickel Co., Inc., 
New York, New York. 


(2) “Down the Hole Treatment 
Condensate Wells” 

Bacon, Lone Star Produc- 
ing Company, 
Dallas, Texas. 

(3) “Laboratory Studies for Determi- 
nation Organic Acids 
lated Internal Corrosion High 
Pressure Condensate Wells” 

United Gas Pipe Line Co., 
Shreveport, Louisiana 


(4) “Metallurgical Phases High 
Pressure Corrosion Problems” 

Holmberg, Phillips Petro- 
leum Company, 
Bartlesville, Oklahoma. 

(5) “Use Sodium Chromate for Con- 
trol Corrosion Gas Conden- 
sate Wells” 

Barr, Bureau Mines, 
Bartlesville, Oklahoma. 


(6) “Results Some Studies the 
Condensate Well Problem” 
Walter Rogers and Harry 
Waldrip, Gulf Oil Corporation, 
Houston, Texas. 

(7) “Down the Hole 

Condensate Wells” 


Paul Menaul, Stanolind Oil and 
Gas Company, Tulsa, Oklahoma. 


Treatments 
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(8) “Prevention Condensate Well 
Corrosion Chemical Treatment 
the Erath Field” 

Yale, Texas Company, 
Houston, Texas. 


THURSDAY, MAY 


P.M.—Corrosion Activities Tech- 
nical Societies 
LaQue, Chairman—International 
Nickel Company. 


(1) “American Coordinating Commit- 
tee Corrosion” 
Dr. Young. 


“American Foundrymen’s Associa- 
tion” 

Mackenzie. 
“American Society Mechanical 
Engineers” 

Logan Kerr. 


(2) 


(3) 


(4) “American Society Refrigerating 
Engineers” 
Taylor. 
(5) “The Electrochemical Society” 
Mears. 
(6) “American Institute Chemical 
Engineers” 
Mears. 
(7) “Society Automotive Engineers” 
(8) “The American Society for Test- 


ing Materials” 
Carter Cole. 


“National District Heating Asso- 

Roy McQuitty. 
Technical Association, Pulp and 


Paper Industry” 
James Lee. 


“American Petroleum Institute” 
(Production Division) 
Anderson. 


“American Water Works Associa- 
tion” 
Lloyd Nelson. 


“American Chemical Society” 
Speller. 


~ 


(10) 


(11) 


(12) 


(13) 


“National Research Council” 
Speller. 


(14) 


CONVENTION AND EXHIBITION 


The Activities Committee has pre- 
pared program entertainment 
for the ladies attending the Conven- 
tion, including bridge luncheon, 
style show, around 
Kansas City, matinee, golf game and, 
course, attendance both buffet 
supper and banquet. 


preparing the program for this 
annual meeting, considerable thought 
was devoted the program in- 
creasing the breadth and scope 
the Association and present before 
all parties interested corrosion the 
activities this Association and the 
work pertaining corrosion other 
associations, The solution appeared 
division the program into 
the symposiums listed. With the 
grouping symposiums agreed 
upon, was felt that each should 
present many papers possible 
during the time allotted it. This, 
turn, limited the amount time 
which each paper might require. 


insure full coverage each 
subject, was agreed that the author 
should prepare his paper full, with 
all necessary illustrations, charts, 
graphs and other supporting ma- 
terial. should then prepare, for 
20-minute condensation his 
Prepared discussion, based 
complete paper, also pre- 
sented, together with discussion 
from the floor. The complete paper, 
with all material pertaining thereto, 


P 

q 3 

| 

j 

} 

Zz 

| || 
| 

f 


Corrosion Abstracts 


ATMOSPHERIC CORROSION 


Atmospheric Corrosion Iron. 
“Corrosion Handbook,” Electro- 
chem. Soc. preparation Blast Fur- 
nace Steel Plant, 33, No. 993 
(1945) August. 

Under standardized conditions 
atmospheric corrosion tests, many 
combinations alloying elements 
steel produce rust films which im- 
prove the corrosion resistance appre- 

iably over that copper steel. 

reduce corrosion losses below the 
minimum found for certain low al- 
loy corrosion resistant steels, 
necessary add alloying elements 
amounts disproportionate their 
value, due the fact that, under 
standard test procedure, loss 
weight 6.5 g./sq. decimenter 
most alloy steels used the 
protective oxide film. 


Corrosion the Tropics, 
Metal Finishing, 48, No. 326 
(1945) August. 

How the Navy Department fights 
the “big bad wolf” the Pacific 
area described. The atmosphere 
full sulfur compounds due vol- 
canic formation, and there are peri- 
odic oceanic eruptions hydrogen 
sulfide. Dust coral sands the 
air hinder formation continuous 
protective oxide films, etc. and heavy 
rains wash them off. Treatment 
parts with corrosion preventives 
discussed. Mobile apparatus used 
the Navy shown and described. 
Natives treasure corrosion preven- 
tion secrets, such using dehydrat- 
ing flowers near tools. Investigation 
these urged. 


BEARING CORROSION 


Causes Failure Heavy-Duty 
before A.S.M.E., Cleveland, Machine 
Design, 17, No. 115 (1945) July. 

Principle characteristics Diesel- 
engine piston-pin, connecting rod 
and main bearings are discussed. 
Main causes failure are laid 
fatigue bearing metal under high 
cyclic loads, excessive insufficient 
hardness bearing material, corro- 
sion lubricating oil, inadequate 
bond between bearing metal and 
shell, assembly errors, foreign par- 
ticles and miscellaneous, such de- 
fective manufacture, extrusion, wip- 
ing, etc. The BHN cadmium base, 
copper-lead, lead-base 
bearing material plotted against 
temperature. Corrosion cadmi- 
um-nickel bearing was recorded dur- 
ing pre-trial inspection. Most in- 
tense corrosion occurred next the 
copper-deposited flange, and be- 
lieved that copper may have acted 
catalyst during the initial 
ning-in period. Bearing was rein- 
stalled and operated for 2258 hours 
without additional corrosion. Main- 
tenance and performance preci- 
sion-type bearings for small engines 
are also discussed. Pitted bearing 
surfaces are shown. 


Heating and Failure Bearings 
Due Little Appreciated Causes. 
Hoover, Westinghouse Electric 
Corp., Water Works Sewerage 92, 
297 (1945) October. 

Shaft currents motors and gen- 
erators may cause excessive bearing 
wear and resultant bearing failure. 
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The surface bearing which has 
suffered from bearing currents 
covered with pit marks various 
degrees often occurring bands. 
The shaft itself may also have marks. 
Bearing currents may either di- 
rect alternating. These currents 
are generally developed with the ma- 
chine but sometimes originate from 
outside sources. current may 
caused magnetic dissymmetry. 
Magnetism shaft may cause 
bearing currents. bearing cur- 
rents may best eliminated in- 
sulating one bearing. currents 
may reduced reducing the 
magnetizing force around the shaft. 
Both may reduced shunting. 
sparking test described for de- 
tecting bearing currents. 


Corrosion Lead Oxidizing 
Agents and Lauric Acid Hydro- 
Davip TURNBULL AND 
Case School Applied Science, 
Cleveland, Ohio, Ind. Chem. 
917 (1945) October. 

The authors conclude from the re- 
sults this investigation that 
general mechanism for bearing cor- 
rosion can formulated although 
oxidizing agent and acid are 
generally involved the process. 
Denison’s proposed mechanism for 
peroxide involving the formation 
oxide intermediaté validated for 
oxygen. Rates corrosion pure 
lead representative organic perox- 
ides hydrocarbon media contain- 
ing organic acids are compared. The 
effect temperature the rates 
also studied. evaluate the ef- 
necessary consider the thermal 
stability the oxidizing agent 


well its chemical reactivity. Evi- 
dence cited show that oxynitro- 
gen compounds well peroxides 
and oxygen may among the ox- 
idizing agents present oils. 


CATHODIC PROTECTION 


Scientific American, Woop- 
MAN, No. (1945) July. 

Results laboratory research and 
field tests carried out Dow indi- 
cate that use magnesium cylin- 
ders cathodic protection under- 
ground pipelines will effective 
and economical procedure and offer. 
substantial market for secondary 
well primary magnesium. An- 
odes magnesium alloys have 
driving voltage against iron ap- 
proximately 1.0 volt, twice that 
zinc, and show polarization. 
Costs installation are relatively 
low. service life years under 
“average” soil conditions can ex- 
pected. 


Cathodic Protection Controls Po- 
larity Buck Corrosion Current. 


Corp., Power 89, 728 (1945) Novem- 
ber. 

Advantages cathodic protection 
when applied water tanks are pre- 
sented. Various factors consider 
providing adequate current den- 
sity are explained. The relationship 
between current density and dis- 
solved oxygen content emphasized 
well need for extreme care 
properly designing anodes. sug- 
gested that rectifiers provide the 
most satisfactory source current. 
Data are presented show the effec- 


the application both 


cold and hot water tanks. 
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Control Pipe Line Corrosion—a 
Pipe Line Corporation, Corrosion 
192 (1945) December. 

manual designed acquaint the 
practical engineer with the causes 
corrosion and instruct him 
the procedures for detecting and con- 
trolling it. Under the types corro- 
sion the following are discussed: (1) 
electrolysis, (2) galvanic action, (3) 
biochemical attack. Details instru- 
ments and procedures for investigat- 
ing extent and cause corrosion are 
given. (To continued.) 


The Behavior Zinc-Iron Cou- 


Guy CorFIELD, Southern Califor- 


nia Gas Company, Corrosion 187 
(1945) December. 

Data set specific tests in- 
volving the use zinc anodes 
high carbonate soil which indicate 
that the reaction the anode with 
the soil, zinc carbonate formed 
which stifles the anode and reduces 
efficiency. 


Electrolysis Surveys Under- 
ground Cables. Gorman, Con- 
solidated Edison Company New 
York, Inc., Corrosion 163 (1945) 
December. 

This paper description the 
survey methods and the methods for 
analyzing the electrolysis test data 
evaluate the severity corrosive 
conditions. These tests are grouped 
under: (1), maintenance surveys; 
(2), general (3), special 
investigations. The following meas- 
ures cable sheath protection are 
discussed (1), electrolysis drainage 
(2), cathodic protection; (3), tape 
protected cable, cable grease protec- 
tion (4), cleaning and flushing cable 
ducts; and (5), insulating joints. 


CHEMICAL CORROSION 


The Saboteur Chemical-Indus- 
try Equipment Corrosion. 
(1944), No. 16-21, Inst. 
Metals Metall. Abs., 12, 184 (1945) 
June. 

The effects various acids, sol- 
vents, gases, alkalies, salts, asphalt, 
beer, beet-sugar liquor, hydrocar- 
bons, oils, formaldehyde, gelatin, 
glucose, glue, hydrogen peroxide, 
mercury, milk, molasses, rosin, shel- 
lac, sulphate liquors, sulphur, sul- 
phur trioxide, tar, water, and wine 
iron Monel metal, 
nickel, red brass, acid-resistant 
bronze, and aluminum are tabulated. 
Recommendations are made 
the use these metals with the va- 
rious substances named. 


Corrosion Reporter. Chem. 
Metall. Eng’g. 52, No. 171 (1945) 
April. 

small manufacturer pharma- 
ceuticals has trouble with Duralon 
blistering when sprayed steel, for 
use buckets carrying amines, di- 
lute sulfuric and hydrochloric acids, 
caustic solutions, aromatic ketones, 
acetic and phenylacetic acids. When 
this solved would like use this 
substitute for white enamel for 
Japansco pumps. Stainless steel Type 
316 still bottoms corroded when so- 
dium chloride was added amines 
ketones. Sodium acetate was sub- 
stituted successfully. Except for cor- 
rosion weld points, stainless Type 
316 successful for equipment used 
vaporizing glacial acetic acid and 
phenylacetic acid. Glass nuts and 
bolts replaced stainless steel and iron 


-as fasteners stirrer used with 


hydrochloric acid, sulfur dioxide and 


q 
4 
4 
> 
Ane 
4 
4 


CORROSION ABSTRACTS 


hydriotic acid. Monel cooling coils 
diazotization reactions were more 
resistant reagents than stainless 
steel. sulfuric acid plant oper- 
ated conjunction with oil re- 
finery, Type 316 stainless failed 
flue leading cleaned gases out gas 
scrubber, preliminary tests. Haveg 
has been installed instead. Red brass 
available pipe lines handling acid 
sludge. 

Acid-Resisting Steels for Chemical 
Plants, RascH AND WEIHRICH, 
Chemische Fabrik, 12, 231 (1941); 
Chemical Age, 1944, 521, December 
1945, 15, January Chem. 
Metall. Eng’g. 52, No. 171 (1945) 
May. 

Practical experience during the 
25-30 years that high chromium and 
chromium-nickel steels been 
used the chemical industries 
shows that for many purposes plain 
chromium, chromium-molybdenum, 
chromium manganese, and chromi- 
um-manganese-nickel steels may 
employed instead the customary 
18-8. For example, calenders used 
the paper industry are produced 
from chromium-manganese-nickel 
chromium steels instead 18-8, 17- 
chromium chromium-manganese- 
nickel steels are used the milk in- 
dustry instead 18-8. The most im- 
portant corrosion 
used today the chemical indus- 
tries may divided into classes 
according their composition chro- 
mium (17), ferritic-pearlitic struc- 
ture, magnetic; chromium-nickel 
(18-8) austenitic, non-magnetic; 
chromium-manganese-nickel (18-14- 
1.5) ferritic-austenitic, weakly mag- 
chromium-manganese-nickel (18-5- 
1.5) ferritic-austenitic, weakly mag- 
netic. Application each group 


discussed. Chromium steels show 
good resistance nitric acid solu- 
tions, nitrous vapors, fats, and many 
salt solutions. They are particularly 
suitable for solid members such 
shafts, spindles, valves and valve 
seats. The chromium-nickel steels 
have found their most general appli- 
cation high-pressure equipment. 
All the chromium-manganese-nickel 
steels possess good toughness 
very low temperatures. Widely used 
the food industry. Application for 
the low manganese chromium-man- 
ganese-nickel steels limited. 

Result Improper Boiler Clean- 
ing, Proceedings the Merchant 
Marine Council the Coast 
Guard, Marine Eng’g Shipping 
Review, 50, No. 150 (1945) Au- 
gust. 

Recent investigation the Coast 
Guard connection with the rapid 
deterioration 
boiler fittings and tube ends indi- 
cated severe condition acid cor- 
rosion caused some agent intro- 
duced from outside source. The 
chemical processes employed the 
internal cleaning the boilers re- 
quire the use inhibitors elimi- 
nate reaction between the chemical 
employed and the metal cleaned. The 
temperature should checked be- 
cause inhibitors lose their effective- 
ness during use, largely through in- 
crease temperature. Hydrochloric 
acid the base for 
cleaning processes. The corrosive 
action hydrochloric acid with ele- 
vated temperatures increases the ac- 
tivity the solution. All traces 
acid must ‘be removed and the unit 
should flushed out with water 
which may added neutralizing 
alkali, 
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Corrosion Reporter—Rubber-Cov- 
ered Agitator—Manufacture So- 
dium Silicates, Chem. 
Metall. Eng’g, 52, No. 171 
(1945) May. 

Description rubber-covered 
agitator which successfully with- 
stands exposure boiling hydro- 
chloric acid. The saturated zinc 
chloride solution shipped steel 
drums rubber-lined tank cars. 
Nitric acid stored welded tank 
made chromium stainless steel, 
and pumped through piping made 
stainless type 347, using pump 
made 18-8. The manufacture 
sodium silicates requires the use 
one corrosive material, sodium hy- 
droxide. Installation steam coil 
made 18-8 the steel tanks when 
heated prevents pitting and corro- 
sion. 


The Corrosion Zinc Manga- 
nese Dioxide (in Dry Cells), 
Metallwirtschaft, 21, No. 49, 
762 (1942); Inst. Metals 
Metall. Abs., 12, 284 (1945) Septem- 
ber. 

investigation the causes 
showed that this affected the 
activeness manganese dioxide, the 
purity zinc used, and the structure 
resulting from the method fabri- 
cation the cups. 


Pat. 2,387,284, Inhibitor for 
MANN, The Dow Chemical Co., Pat. 
Gaz., 579, No. 579 (1945) Octo- 
ber 23. 

method inhibiting the corro- 
sion metals wet carbon tetra- 
chloride contact therewith, which 


comprises dissolving the carbon 
tetrachloride least 0.1 percent 
weight rosin and from 0.001 0.1 
percent weight primary 
mono-amine. Test results show ef- 
fect inhibitor weight losses va- 
rious metals including Monel and 
stainless steel carbon tetrachlo- 
ride. 


The Corrosion Copper Evapo- 
rator Tubes, INGLESENT AND 
Storrow, Soc. Chem. Ind., 64, 
No. 233 (1945) August. 

Copper heating tubes from glu- 
cose evaporator were examined 
determine the cause their corro- 
sion. The progressive degree at- 
tack along the length the tubes 
the liquor side suggested that the 
moto-electric (electromotive) effect 
was the major factor leading re- 
duction wall thickness. Tests 
model evaporator confirm this expla- 


Preventing Corrosion Copper 
Legkaya Prom., No. (1942) 
(in Russian), Inst. Metals 
Metall. Abs., 12, 283 (1945) Sep- 
tember. 

Copper heating coils plants ex- 
tracting tannin are subject both 
internal and external corrosion. The 
damage can effectively minimized, 
far external corrosion con- 
cerned, metal more basic than 
copper, zinc, inserted the 
system reverse the poten- 
tial. Some practical suggestions are 
made. 


The (Corrosion and) Use Metal 
the Cider Industry Inconel, 
Nickel Alloy, WARCOLLER AND 
TAVERNIER, Bull. Assoc. Chimistes, 59, 
464 (1942) Chem. Zentr. 114, No. 


age 

> 

j 

i 

: 
4 
: 

> 
< 
1 


CORROSION ABSTRACTS 


2046 (1943); Inst. Metals 
Metall. Abs., 12, 218 (1945) July. 

determine the usefulness 
Inconel the cider industry, Inconel 
plates were exposed various solu- 
tions for 101 days. These were ap- 
preciably attacked 200 mg.-%sul- 
fur dioxide solutions; less malic 
and acetic acid (to which they were 
more resistant than aluminum and 
its alloys); were quite resistant 
conc. solutions sodium carbonate 
calcium chloride, and Javel water. 
Fermenting cider and must could 
kept Inconel containers with- 
out appreciable injury the metal; 
the attack the metal, however, 
was intensified higher combined 
and free acidity the musts. For 
instance, must sulphurated with 
g.-%sulfurdroxide could not 
stored Inconel containers. Corro- 
sion tables are given. According 
results preliminary experiments 
Inconel inferior special steel 
2702 and Uranus 10, but su- 
perior Monel because its greater 
resistance corrosion cider and 
must, and its use the cider indus- 
try indicated. Bibliography. 


Corrosion Hydrofluoric Acid 
PRANGE, Phillips Petroleum Co., 
Ind. Eng. Chem., Ind. Ed. 37, 1030 
(1945) November. 

Corrosion all metals tested 
hydrofluoric acid service greatly 
affected presence air oxy- 
gen. Monel metal suffers denickeli- 
zation the presence air. Copper 
and the chrome stainless steels 
are very sensitive velocity. Most 
metals are greatly affected rise 
temperature. Carbon steel lim- 
ited maximum about 150° and 


Monel metal 200° Most metals 
are also affected aqueous dilution 
acid. Cupronickel shows the great- 
est resistance aqueous solutions. 
for heat exchanger tubes. Monel 
metal has proven very satisfactory 
valve trim material. Plain low 
carbon steel has proven quite satis- 
factory under anhydrous conditions 


temperatures below 150° Cer- 


tain materials such Hastelloys 
cast iron and high-zine unin- 
hibited brasses suffer intergranular 
attack this service. The failure 
screwed fittings the thread has 
been attributed the use notch 
sensitive metals such free-ma- 
chining and high phosphorus steels 
plus the reduction wall thickness 
resulting from making the threads. 
recommended that heavier pipe 
used when screwed connections 
are unavoidable. Embrittlement 
another problem. However, soft un- 
hardened steels have not proven sus- 
ceptible this attack. K-Monel ap- 
pears least susceptible the 
high strength metals. 


Notes Use Copper-Nickel 
Alloy Alkylation Procedures. 
Company, Corrosion 228 (1945) 
December. 

Corrosion test data are presented 
show that the corrosion the 
copper-nickel alloys air-free solu- 
tions very low various strengths 
HF. The use alloys 
liners for vessels, rings and pack- 
ing and for valves and fittings dis- 
cussed. The danger combining 
carbon packing with copper-nickel 
alloys pointed out. The non-gall- 
ing properties S-Monel against 
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plain monel are advantageous for re- 
conditioning and manufacturing 
valves. 


Materials for Producing the 
Atomic Bomb, Materials 
Methods, 22, No. 1054 (1945) Oc- 
tober. 

Some the specific problems met 
the purification uranium and 
preparation plutonium for the 
atomic bomb are discussed, with 
flow chart. Companies involved 
the solution are mentioned where 
possible. Thin aluminum sheet was 
chosen because its low neutron- 
absorption power and high corrosion 
resistance sheath uranium slugs 
protect them against attack from 
the cooling water, and aluminum 
was used pipe the latter. Neutron 
intensity was controlled the power 
pile boron steel rods moved 
and out the pile vary 
tion neutrons available produce 
fission. Finding high temperature 
materials stated the Smyth re- 
port the major problem the 
non-war use atomic energy. How- 
ever, the first purified uranium cost 
$1,000 per but the material cost 
only $22.00 year later. automo- 
bile engine the size man’s fist 
and possible use atomic energy 
heat source are among develop- 
ments predicted. More than 5000 
new and improved products and pro- 
cedures will available industry 
soon released the govern- 
ment. Some the latter are: meth- 
weld checking, for pre-testing 
pressure vessels for leaks before op- 
eration, several improved vacuum 
techniques, and new treatments 
metal surfaces prevent corrosion. 


CONSTRUCTION MATERIAL 


Clad Steels for Corrosive Service. 
Corrosion and Material Protection, 
No. (1945) April. 

Clad steels are defined those 
having least percent the total 
thickness consisting special sur- 
face material. The need for clad 
steels, general properties individ- 
ual backing and facing materials, 
common methods cladding weld- 
ing processes, and testing methods 
are Corrosion resistance 
and other properties plain high 
chromium and high chromium-nickel 
stainless steels and high nickel al- 
loys are discussed detail, and 
types used facing material are 
tabulated. Welding rods for-use 
joining clad steels and heat treat- 
ments steels clad with various 
facing materials are also tabulated 
and discussed. 


Heat and Corrosion Resistant 
Steel Corp., Steel Processing, 31, No. 


489 (1945) August. 


Relative importance various 
properties for high pressure and tem- 
perature applications, particularly 
the petroleum industry, are anal- 
yzed. Types stainless steels for 
different uses are discussed, with 
welding characteristics. 


COATINGS 


Corrosion Resisting Plastic Ma- 
terial Applied Oil-Field Equip- 
and Gas 44, No. 33, (1945) De- 
cember 22. 

Field application plastic coat- 
ing suggested for oil-field storage 
tanks, tubing, pipe, salt disposal 
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tems, sucker rods, valves, concrete 
floors. etc. Storage tanks coated 
Magnolia, Arkansas, were excel- 
lent condition after months. In- 
ternal surfaces storage tanks re- 
quire one prime coat and finish 
coatings. Physical properties coat- 
ing are listed follows: Thickness, 
0.003 in. per coat; Film strength, 
1400 psi; Film stretch break, 180- 
200 percent Cold resistance, will not 
crack when bent 32° and will 
bend around in. rod F.; Ad- 


hesion, will not blow off air 


blasts; corrosion resistance, acids, 
alkali and salt water; Heat resist- 
ance, unaffected 180° Data 


tests numerous solvents are given. 
Also see The Oil Weekly 120, No. 
(1945) January 


Corrosion Protection Steel Pipe 
Resin Baking Coatings, Nat. Petr. 
News 37, No. 49, R-992 (1945) De- 
cember 

Moore, Bakelite Corp., the 1945 
Fall Regional Meeting the Feder- 
ation Paint and Varnish Produc- 
tion Clubs. Induction heating pre- 
substitute for oven bak- 
ing plastic coated steel. The new 
process gives more continuous coat 
much less time. The article 
dipped the resin bath and then 
passed through electromagnetic 
low frequency current. Such coated 
pipe being used for low tempera- 
ture heat exchangers (220°) and 
condensing equipment, solvent re- 
covery plants and pipe line coat- 
ing where the smooth surface re- 
duces friction. Diagram for laboratory 
coating unit shown. 
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Synthetics and Engineered Corro- 
Stoneware Co., Paper before Am. 
Electropl. Soc., Waterbury Phila. 
Branches Am. Electropl. Soc. 
Monthly Rev., 32, No. 331 (1945) 
April. 

Organic linings suitable for corro- 
sion resistant use are discussed. Rea- 
sons for failures organic sub- 
stances resist prevent corro- 
sion are discussed. organic lining 
broken down the energy the 
corrosive force greater than the 
bond energies strengths that tie 
the individual molecules polymers 
together, and the higher the molecu- 
lar weight, the more will resist 
corrosion. Thermoplastic 
mosetting types are discussed. Com- 
pounding ingredients must added 
make thermoplastic polymer 
useful lining, and the com- 
pounding ingredients must 
corrosion resistant the polymer 
itself. Choice process equipment 
and materials discussed. Use 
synthetic rubber has not been thor- 
oughly explored and many cases 
has not been satisfactory pro- 
tective coating. Resins themselves 
show extreme resistance many 
acids and alkalies, but must com- 
pounded meet physical and elec- 
trical requirements. These com- 
pounding ingredients determine the 
length service the substance. 
general, the use different types 
thermoplastic resins will widen 
the range chemical solutions that 
can handled. This article very 
briefly abstracted December issue 


tics. Paper before Elec- 
trochemical Soc., Symposium 
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Electro-Organic Reactions. Electro- 
chem. Soc., Preprint 88-6, (1945) 
October 

The amophoteric deposition from 
organic suspensions plastics the 
vinyl group presented. Conditions 
and variables are discussed. Opti- 
mum conditions are presented for 
vinyl chloride and vinylite. Applica- 
tions are suggested the fields 
corrosion protection metals, elec- 
tric insulation, and the production 
thin plastic sheets thin-walled 
plastic articles any desired shape 
design. The very resins that show 
poor solubility characteristics and 
poor properties with 
the usual solvent, are the most re- 
sistant chemicals, both inorganic 
and organic. Polyethylene, satisfac- 
torily deposited, would great 
interest protection metals 
against corrosion. Saran and vinyl 
chloride are also very chemically re- 
sistant. 


Organic Coatings the War 
Against Corrosion. Stand- 
ard Varnish Works, Corrosion 
Material Protection, No. 
(1945) September. 

New synthetic resins and plastic- 
base coatings, both the air-dried 
and baked resin type, have overcome 
most the objections use or- 
ganic coatings for unusual condi- 
tions. The type and 
films formed, preparation metal 
surfaces, manner application, and 
illustrations corrosion-resistance 
one Standard Varnish Works 
coatings, Cortex, salt plant are 
discussed and shown. 


The Electrodeposition Metals 
Plastics. Narcus, Plating Proc- 
esses Corp., Paper before Electrochem. 
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Soc. Symp. “Before and After 
Plating,” Electrochem. Soc., Pre- 
print 88-5, (1945) October 

The main purposes metallizing 
plastic article are render 
suitable substitute for critical and 
strategic materials and produce 
finished article with the inherent 
properties the plastic addition 
the desired properties the de- 
posited metal. Tests show that plat- 
ing increases tensile, impact, and 
flexural strength plastic and its 
resistance heat distortion. Water 
absorption decreased. Because 
the absence electrolytic effects, 
due basic metals, metallic coat- 
ing plastic more resistant 
corrosion than when applied 
basic metal. The best commercial 
method for metallizing plastic the 
application the surface, after 
proper preparatory treatment, 
highly conductive and strongly ad- 
herent bond coat metallic silver, 
followed intermediate layer 
copper and finally top layer 
the desired metal. Direct and optical 
methods for controlling and measur- 
ing the thickness the silver film 
are described. Data from corrosion 
test synthetic sea water plated 
steel and plated plastic test speci- 
mens which the plating sequence 
was copper, nickel and chromium 
are tabulated. 


The Substitution Blackplate for 


Tinplate Cans for Fruits and Veg- 
INSON, Paper before Iron Steel Inst., 
Iron Steel Inst., August, 1945, 
Adv. Copy, pp. 

study was made the effect 
substituting blackplate ends for 
tinplate ends fruit and vegetable 
cans. Rate formation hydrogen 
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the cans, dissolution iron 
and tin, and effect color and 
flavor contents were noted. Color 
and flavor vegetables were not af- 
fectéd lacquer protection was ade- 
quate, but the situation was unsatis- 
factory with fruits. Types lacquer 
varied the protection they afford- 
ed. Rates attack fruits and veg- 
etables blackplate ends varied 
greatly and was highest for fruits. 
Cold-reduced plate was superior 
hot-rolled plate blackplate ends 
covered with single roller-coating 
lacquer. Phosphating does not re- 
duce rate internal corrosion and 
may the lacquer ad- 
heres indifferently the surface 
the plate. 


The Use Tin Undercoat 
Improve the Corrosion Resistance 
Iron and Steel Inst. 
(1945) July, Adv. Copy. See also En- 
gineering 160, 505 (1945) Decem- 
ber 14. 

The effectiveness tin undercoats 
painted steel retarding corro- 
sion was investigated series 
tests covering deposits tin from 
both alkaline and acid baths, use 
flash-melting and oxidizing the tin 
surface chemical treatments. 
Specimens plain steel, hot-dipped 
tin-plate and phosphated steel were 
included. Twelve different paints 
were applied. Accelerated corrosion 
tests show that treatment with the 
electrodeposited tin, especially when 
followed use the T.R.I. (Tin 
Research Inst.) anti-rusting oxide 
film adds greatly the protection 
afforded the paints. 


Immersion Coatings. KRAMER, 
Metallwaren Industrie Galvano- 
technik Metal Ind., 66, No. 121 
(1945) February.23 (Transl.). 

Suitable methods for coating with- 
out current, immersion plating, 
are described, including gilding iron 
copper, nickel, silver, and tin 
zinc; gilding zinc; copper, nickel, 
zinc, tin aluminum; copper 
tin; nickel, zinc, tin and silver 
copper. 


Patent 2,381,778. Process 
Producing Protected Metal Articles. 
AND (to Standard Steel 
Spring Co.), Patent Gazette, 577, 
No. 265 (1945) August 

Method protecting ferrous ar- 
ticle against corrosion which con- 
sists depositing continuous 
coating nickel substantially uni- 
form thickness the article, then 
applying the nickel coating 
tin, and then heating tempera- 
ture above 350° and below the 
melting point tin for period 
time sufficient diffuse part ‘of 
the tin into the outer portion only 
the nickel. 


Coating Steel with Aluminum 
IEFF, Genie Civil, 120, 139 (1943) 
Chem. Zentr, 114, No. 1132 (1943), 
Inst. Metals Metall. Abs., 12, 
285 (1945) September. 

Before coating steel dipping 
which not much higher than its 
melting point, the steel undergoes 
heat-treatment special atmos- 
decarbonized nitrogen and hy- 
drogen atmosphere free from water. 
Between the aluminum coating and 


. 
q 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


the steel, layer Al,Fe (alumi- 
num ferrite) formed which im- 
proves the adhesion the coating. 


The Structure Thin Nickel Foils 
Obtained Means Cathodic Dep- 
osition. AND WYART, 
Compt. rend., 215, 129 (1942), 
Inst. Metals Metall. Abs., 12, 214 
(1945) July. 

The structure, shown x-ray 
diffraction, nickel foil different 
thicknesses described, with accom- 
panying electrical properties. The ef- 
fect annealing also mentioned. 
The electrical conductivity, which 
between 2200 and 4600 func- 
tion thickness and temperature, 
becomes, above that limit, independ- 
ent the former quantity. 


Corrosion Protection Zinc and 
Zinc Alloys Non-Metallic Inor- 
ganic Coatings. Voss, Metallwirt- 
schaft, 21, No. 49, 754 (1942), Inst. 
Metals Metall. Abs., 12, 286 
(1945) September. 

Recent patents the corrosion 
protection and zinc alloys 
immersion and electrolytic methods 
(especially those based chromate 
solutions), are reviewed, and their 
salient features discussed. 


Painting Aluminum and Its Al- 
loys. Paint Manuf., 14, 301 


Abs., 12, 285 (1945) Sept. 

Painting systems for aluminums 
are discussed; suggested that 
primers should devised which 
cause oxidation the aluminum and 
hence lead improved adhesion. 
Corrosion inhibitors for aluminum, 
such the sparingly soluble sili- 
cates, organic compounds readily 
absorbed aluminum form pro- 
tective layers, zinc giving 


protection, and ion-exchange 
terials, are suggested unorthodox 
primer ingredients. The water-per- 
meability paint systems should 
Antifouling 
paints containing mercury are un- 
suitable for use aluminum, 


Corrosion Problems the Petro- 
leum Industry, Zinc Anti- 
Corrosive Pigment, Some Divergent 
Views. Stuart, Petroleum 
197 (1945) October. 

Experimental work reported 
show that zinc gives protection 
steel when close proximity 
well when contact and that the 
sacrifice zinc less than when 
direct contact. The non-protective 
action paints containing zinc 
shown due the insulating 
action the bonding material. 
paint made graphite, zinc, gel- 
atin and water for experimental pur- 
poses showed that with conduct- 
ing medium the zinc afforded excel- 
lent protection not only the 
painted surface, but distance 
approximately inch beyond the 
painted surface. 


Patent 2,389,229. Antifouling 
Composition. (to Ston- 
er-Mudge, Inc.), Patent Gazette, 
580, No. 402 (1945) November 20. 

antifouling composition for ap- 
plication surfaces subjected 
immersion sea water and adapted 
prevent the attachment thereto 
fouling marine organisms while ex- 
erting protective non-corroding 
action the surfaces, comprising 
the sole film-forming agent sub- 
stantially water-insoluble, solvent- 
dispersed, film-forming organic ve- 
hicle having permeability water 
200 milligrams water per 
mil film thickness per square inch 
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ARMCO “Spiral Welded” versatile 
steel pipe. has been used profitably 
scores applications—from water 
and gas lines industrial jobs re- 
quiring special prefabricated fittings. 

It’s easy see why ARMCO Steel 
Pipe great demand. For one 
thing, its size-range Diam- 
eters range from inches, with 
wall thicknesses from inch, 
any lengths feet. Special 
coatings are optional. 

Pipe relatively light, but 
sturdy too. foundation piles, 
for example, the tough spiral weld 
imparts extra lateral stiffness and high 
collapse resistance even the longest 
When you need cone points, 


mill ends cutting shoes, these can 
mill-attached. 


Uses include water, oil and gas 
prefabricated pipe and fittings 
for special industrial layouts; founda- 
tion pipe, caissons and dredge pipe— 
fact, wherever pipe can used 
advantage. 

For your next piping job ask for 
ptices and shipping dates ARMCO 
Spiral Welded Steel Pipe. Just address 
Armco Drainage Metal Products, 
Inc., Welded Pipe Sales Div., 2561 
Curtis Street, Middletown, Ohio. 
EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


ARMCO STEEL PIPE 


eck the 
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per hours, and toxic component 
which condensation product 
salt and aromatic com- 
pound selected from group con- 
sisting benzene and the lower 
alkyl, aryl, and alicyclic-substituted 
benzene hydrocarbons, together with 
their hydroxy and halogenated de- 
rivatives, the concentration toxic 
component being approximately 
percent weight the total 
non-volatile content. 


Antifouling Paints; Mechanism 
Accelerated Corrosion Under Anti- 
fouling Compositions Applied 
and Mellon Inst. Ind. and 
Eng. Chem. 37, 461 (1945) May. 

This paper further series 
which has shown that direct and inti- 
mate contact with steel can result 
materially descreased efficiency 
cupriferous antifouling paints, with 
accelerated corrosion the steel. The 
attack particularly severe wherever 
the steel exposed, scratch 
mechanical break the paint film. 
The suggested mechanism for accel- 
erated corrosion the presence 
heavy metal antifouling 
volves actual deposition copper 
from aqueous solution and under 
the paint film, and breaks and sim- 
ilar discontinuities. The acceleration 
could result from the couple action 
these copper desposits rather than 
from the metal pigments such. 


Evaluation Antifouling Paints 
Leaching Rate Determinations. 
Ferry, and REDFIELD. 


Woods Hole Oceanographic Institu- 
tion, and Burns, Jr. Navy 
Yard. Ind. Eng. Chem. 456 (1945) 
May. 

The leaching rate test presented 


valuable tool which can used 
along with exposure and fouling tests 
paint technologists the formula- 
tion and testing antifouling paints. 
shown that the solution mg. 
copper per sq. paint surface 
per day will prevent the attack all 
marine growths which normally pre- 
sent serious ship-bottom fouling 
problem. 


Anomalous Inactivation Heavy 
Metal Antifouling Paints. 
155, 715 (1945) June 16, Bull. the 
Iron Steel Inst. (1945), No. 115, 
July. 
has been established that cup- 
rous-oxide and metallic-copper anti- 
fouling paints when applied over 
bare steel rapidly lose their anti- 
fouling efficiency after about one 
month’s immersion. Tests panels 
submerged Daytona Beach, Flori- 
da, indicated that corrosion products 
one part panel can washed 
across the rest the panel cur- 
rents and passivate the antifouling 
paint over which they pass, thus 
causing bands fouling appear. 
Tests were also made determine 
the effect the accidental contact 
steel bolts anchor chain against 
antifouling paint wood hull. 
Only the case non-insulated 
contact direct the face the 
metallic copper formula was there 
appreciable passivation for finite 
distances from the base steel; this 
only. 


Quality Canned Orange Juice. 
tinental Can Co., Inc., Ind. and 
Eng’g Chem. Ind. Ed., 37, No. 370 
(1945) April. 


CLAMP DOWN METAL PICK-UP 


can you toward product purity? 


Let the experience manufacturers and users 
phenol your guide. 

Throughout processing, this important reagent has 
for many years been safeguarded by nickel. 

Nickel’s high degree corrosion resistance keeps 
metal pick-up low, assures purity and uniformity during 
all stages production, handling and transportation. 


Good heat transfer properties account for the wide 
use nickel the construction stills and condensers. 
Nickel resists wet and dry tar acids phenol, ortho- 
cresol and meta-cresol their boiling points. 


The temperatures encountered phenol storage 
tanks are, of course, not as high... but contact may be 
for prolonged periods. Under such conditions, corrosion 
rates that might tolerated from the standpoint 
equipment life, are undesirable because resulting 
product contamination. here that nickel storage 
tanks...as well nickel-clad steel tanks and tank cars 
exceptionally useful. 


one large plastics plant, for example, analysis 
representative phenol sample after 28-day storage 
a 10,000-gallon nickel-clad tank, showed a nickel con- 
tent only 0.21 parts per million! 


Nickel has countless applications in. processing and 
handling plastics, caustic alkalies, ethyl cellulose and 
other synthetics, reagents, intermediates and solvents. 
For further information which can help you improve 
product purity reducing harmful metal pick-up, send 
for Technical Bulletins T-13, Nickel and Nickel-Base 
Alloys, Their Use in the Design of Corrosion-Resistant 
Machinery and Equipment, and T-15, Engineering Prop- 
erties Nickel. request your business letterhead 
will bring this valuable material you. 


THE INTERNATIONAL NICKEL CO., INC., Wall St., New York 
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PHENOL STORAGE TANK 
‘Whitlock Manufacsuring Co., Hartford, 
Conn. of light gauge nickel sheet rein- 
forced with steel. Nickel may be readily 
bent, shaped, forged or machined. It is 
easily welded, soldered or brazed 


TYPICAL NICKEL-CLAD steel reactor 
for phenolic plastics. Inner shell is 5 feet 
in diameter and 8 feet deep. Constructed 
by Downington Iron Works, Inc., Down- 
ington, Pa., this jacketed hettleis equipped 
with agitator blades, shaft and stuffing 
boxes of pure nickel. 


PROTECTING THE PURITY of phenol 
during transportation. This 8000-gallon 
nichel-clad steel tank car was built by 
American Car & Fountiry Co. for 4 well- 
known chemical company. 


ts. 

all 

els 

cts 

ing 

nst 
the 
ere 

and 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


fecting the flavor canned orange 
juice, was found that plain tin 
cans cause some bleaching color 
and impart characteristic flavor, 
apparently due the reducing ac- 
tion the tin. The corrosion the 
tin is, some extent, dependent 
the oxygen the can. Use enam- 
eled cans prevents loss color and 
development this flavor, but with 
given oxygen content, more oxida- 
tion the juice constituents occurs 
enameled cans than plain. Influ- 
ence oxygen volatile oil, and 
heat treatment during sterilization 
and cooling, flavor was studied. 
Length heat treatment was more 
important than temperature. 


Corrosion Preventives. Lar- 
son, Sinclair Refining Co., Nat. Petr. 
News, No. 31, R-609 (1945) Au- 
gust 

Some 800,000 pieces equipment 
will have coated with rust pre- 
ventives and stored through the Re- 
construction Finance Corp., and the 
Maritime Commission will have 
rust-proof more than 2000 Liberty 
ships. Much the storage will 
the open. The following tests for 
evaluating rust preventive materials 
are used: humidity cabinet test; 
salt spray test; salt water im- 
mersion test; hydrobromic acid 
neutralization test; ultraviolet 
light test. Tables give the properties 
and procedures for application 
rust preventives, with specification 
numbers. 


Corrosion Inhibition Protection. 
Paint, Oil Chem. Rev. 
108, No. 18, (1945). 

Corrosion processes and means 
preventing them particularly 
painting, are outlined. Pigments in- 
hibiting corrosion are zinc yellow, 


zinc chromate, zinc dust, red lead, 
blue lead, basic lead chrome and zinc 
oxide. Iron oxide, lithopone, vene- 
tian red, chrome yellow and magne- 
sium silicate act stimulators 
inhibitors depending their impu- 
rities. 

Developments the Use Lum- 
nite Cement Gary Works Coke 
Plant. Blast Fur- 
nace Steel Plant 33, 830 (1945) 
July. 

Stacks carrying gases from waste 
heat flues operate temperatures 
which permit dilute sulphuric acid 
condensate form. Such condensate 
attacks mortar the brick linings. 
the production ammonium sul- 
phate, the sulphuric acid and the 
ammonium salt have destructive 
action concrete floors, walls, ma- 
chine bases, well structural 
steel supposedly protected mor- 
tar made with regular cement. all 
such cases mortars and concretes 
made with Lumnite (high alumina 
cement) have proven very cor- 
rosion resistant. 


GAS AND CONDENSATE 
CORROSION 


Corrosion Inhibitor Promises 
Huge Return. BARNES 
44, No. 25, (1945) October 27. 

Discussion work done Stan- 
olind Oil and Gas Co. Research Lab- 
oratories mitigation oil well 
sulfide corrosion injecting small 
quantities commercial grade for- 
maldehyde into the annulus between 
the casing and the tubing. Based 
the year previous treatment, the 
number pulling jobs was de- 
creased percent the use 
formaldehyde. The mechanism 
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HIGH QUALITY 

MIX NO. 

ROLLED ZINC PLATES 


THE NEW JERSEY ZINC COMPANY 
PRODUCTS DISTRIBUTED 
THE NEW JERSEY ZINC SALES 
160 Front Street 221 No. LaSalle Street 
New York N.Y. Chicago Ill. 
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protection not known this time. 
The estimated savings based 
seven wells 2900 percent. 


Tubing and Casing Corrosion 
Combated Treated Water. 
Oil and Gas No. 

306 (1945) March 31. 

Corrosion from water used the 
water-driven fields western Kansas 
combated method involving use 
stabilized water the tubing-casing 
annulus, prevent entry formation 
fluids with their resultant corrosive 
action. The tubing-casing and annulus 
design shown. The water injected 
treated with sodium dichromate 
inhibit corrosion, and placed and 
held the annulus the use 
production, packer the tubing and 
wells utilizes crude oil instead 
water the annulus. 


GENERAL CORROSION 


Prevention Corrosion and Cor- 
rosion-Fatigue. Turner, Instn. 
Locom. Eng., Advance Copy, 
May, 1945, pp. Nickel Bull., 18, 
No. (1945) June. 

The author, after brief reference 
the essential nature corrosion, 
describes large number typical 
examples corrosion examined 
the laboratories the London and 
Northeastern Railway. These cover 
instances corrosive attack suffered 
railway rolling stock, railway 
electrical equipment, bridges, build- 
ings, and ships and dock installa- 
tions. classification made the 
various forms corrosion which 
may encountered, and the terms 
commonly used describing cor- 
rosion and its effects are listed. This 


the methods which may employed 
for prevention corrosive attack, 
viz, surface treatments and coatings, 
use corrosion-resisting metals and 
alloys, treatment water and ca- 
thodic protection. The principal 
types coating and corrosion- 
resisting materials are individually 
discussed and their respective 
spheres usefulness are indicated. 
The inhibitory treatment water 
described. Reference made the 
work organizations and individu- 
als who have specialized the study 
various aspects corrosion, and 
the paper closes with plea for un- 
remitting effort the “war” against 
corrosion. classified bibliography 
appended the paper. 


FUNDAMENTALS 


Corrosion Inhibitors. 
Chem. Zeit. 67, 302 (1943) Inst. 
Metals Metall. Abs., 12, 185 (1945) 
June. 

review, with references. The 
theory action such inhibitors 
and methods testing their efficacy 
are discussed. 


the Principles the Forma- 
tion Metallic Coatings Iron. 
Metallwirtschaft, 21, No. 
27/28, 398, 1942 Inst. Metals 
Metall. Abs., 12, 187 (1945) June. 

The basic principles underlying 
the formation metallic coatings 
are illustrated reference the 
galvanizing iron. They are: the 
number intermediate layers 
equal the number phases ap- 
pearing the equilibrium diagram 
the two metals question; the 
relative thickness the layers de- 
pends the rate diffusion through 
these layers; columnar crystal 
growth results from the existing 


Ow 
3 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Cathodic Protection 


Above illustration shows enclosure door open, with instrument 


panel tilted forward for inspection. 


Class 930 Rectifiers are available for either 
single phase phase A.C. power supply. These 
can self-cooled, fan cooled oil 
cooled. 


The selenium rectifier stacks have practically 
unlimited life; are able operate throughout 
wide range ambient temperatures; only light 
assembly pressures required establish and main- 
tain good connections between plates; has sus- 


RECTIFIER 


Cathodic Protection Rectifiers 
have “Selenium” rectifier stacks. 


Available for use single phase 
phase A.C. Power. 


Available self cooled, fan 
cooled air cooled. 


Available all D.C. voltages 
and current outputs desired. 


Complete unit including rectifier 
stacks, control, weatherproof en- 
closure and pole mounting brackets 


Rectifier fully protected against 
and current overload relay. 


Rectifier stacks, transformer, 
meters, thermostat, circuit breaker, 
tap switch, etc., mounted panel 
which can easily removed for in- 
spection. 


Easily installed High efficiency 
Low maintenance. 


tained efficiency, the efficiency decreases only 
less after 1,000 hours use. 


Unit consists Rectifier Stacks, A.C. Circuit 
Breaker, Transformer, Tap Changing Switch, 
Auxiliary Relay, Thermostat, Thermal Overload 
Relay, D.C. Ammeter, D.C. Voltmeter and Fan 
(on fan-cooled) enclosed weatherproof heavy 
gauge enclosure, complete with pole mounting 
brackets and bolts. 


NELSON ELECTRIC MANUFACTURING CO. 


TULSA, OKLAHOMA 


217 North Detroit 


Telephone 2-5131 


Manufacturers of: 


Explosion Resisting Motor Controls 
Junction Boxes and Enclosures 
Circuit Breakers and Lighting Panels 


Oil Field Motor Controls 
Automatic Pipe Line 

Sampling Devices 
Cathodic Protection Equipment 


Switchboards 

Instrument and 
Panels 

Unit Substations 
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concentration gradients; porosity 
the coating indirectly propor- 
tional the reactivity between the 
two metals; and the strength 
the coating lowest the junction 
between the layers. 


Theory the Corrosion Metals 
—II—Further Study Models 
Micro-Elements. DANIEL-BEK, 
Zhur. Fiz. Khim., 18, No. 5/6, 247 
(1944) (in Russian) Inst. Metals 
Metall. Abs., 12, 185 (1945) June. 

Models micro-elements having 
ratio anode area cathode area 
less than and models neutral 
electrolytes were studied. The re- 
sults obtained confirm the conclu- 
sions general character regard- 
ing fields force electrolyte 
that were drawn from earlier work 
models micro-elements having 
equal anode and cathode areas and 
acid electrolytes: New interpreta- 
tions the formulae Muller and 
Akimov and Tomashov 
vanced, based ideas that are de- 
veloped regarding the distribution 
lines equal potential and force 
circuit micro-elements. 


Theory the Corrosion Metals 
the Potential 
Dissolving Metals—IV—On the 
Kinetics the Solution Metals. 
Zhur. Fiz. Khim., 18, 
No. 1/2, (1944) (in Russian) 
Inst. Metals Metall. Abs., 12, 185 
(1945) June. 

the basis the equations 
the polarization curves, calculation 
has been made the potential 
iron and nickel solutions, assum- 
ing their surfaces isopotential. 
The relationships obtained deter- 
mine very well (qualitatively) the 
potential the metal and its rela- 
tion the separate factors the 
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system metal-solution. Equations for 
rate solution metals dilute 
and concentrated solutions are de- 
rived. These equations take account 
both the nature the metal and 
the nature the acid, and they rep- 
resent first qualitative approach 
the description the actual proc- 
esses. The various experimentally 
observed kinetic laws the solu- 
tion metals are extreme cases 
the possible gradual transition from 
the one relation another. 


The Film Theory Passivity, the 
Protective-Etch Theory, and Phos- 
chem., 48, 619 (1942) Inst. 
Metals Metall. Abs., 12, 253 
(1945) Aug. 

not based Muller’s film theory 
passivity, but derived from sepa- 
rate experiments and line 
thought. The objections Weiner 
and Halla (in critical examination 
Muller’s theory, Elektrochem. 
48, 1942, 361-377) the pore-area 
method are based incorrect as- 
sumptions the fundammental 
basis this method. review 
experimental results obtained the 
method shows them agree- 
ment with those obtained all 
other methods. The theory pas- 
sivity advanced Weiner and 
Halla unsupported. 


Discussion Paper Ma- 
chu: Film Theory Passivity, Pro- 
tective-Etch Theory, and Phospha- 
Elektrochem., 49, 135 (1943) 
Chem. Zentr., 114, No. 1969 
Abs., 12, 253 (1945) Aug. 

Cf. preceding abstract. Muller’s 
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Actual 
Microphoto- 
graph. 


Hot-Dip Galvanizing does 
provide the utmost protection 


The infallible testimony the microscope reveals why the application 
molten zinc through the Hot-Dip Galvanizing process provides the utmost 
rust prevention The protective zinc (A) first bonded the base 
metal (D) iron rich alloy (C)—then layer rich zinc alloy (B)— 
obtainable only through the Hot-Dip process, seals out the destructive 
elements that are the cause rust and corrosion. 

Time has proved thousands case histories that the Hot-Dip 
Galvanizing method, employed members this Association, does 
provide longer life, greater uninterrupted service and effects 
savings expensive maintenance and replacement costs. 

For information regard your particular corrosion problems, address 
American Hot Dip Galvanizers Association, Inc., First National Build- 
ing, Pittsburgh 22, Pennsylvania. 
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surface-relation law has found 
independent experimental confirma- 
tion. The individual factors, viz., dis- 
crepancy value from that the 
surface-relation formula, insufficient 
constancy the and values, 
are emphasized. Reply Machu. 


Quantitative Study the Cor- 
rosion Pure Aluminum. 
Trans. the Faraday 
Soc., 41, No. 283, 593 (1945). 

The corrosion pure aluminum 
specimens totally immersed 
horizontal position normal potas- 
sium chloride solution was studied 
periodical measurements the 
hydrogen evolved and the oxygen 
absorbed. 
curves are given and discussed. 
equation presented for rate 
corrosion. Many features these 
corrosion-time curves show 
tained for zinc under similar condi- 
tions. platinum wire used for 
burning hydrogen the corrosion 
vessel. 


Behavior Separate Local 
Cathode Under Conditions Oxy- 
Compt. rend. (Doklady) Acad. Sci. 
R., 27, 983 (1940); Inst. 
Metals Metall. Abs., 12, 253 
(1945) 

the assumption that the rate- 
controlling factor the corrosion 
metal immersed aqueous 
solution the diffusion oxygen 
from the surface the metal (the 
actual corrosion reactions 
formula deduced for the strength 
the local current flowing re- 
sult the corrosion. From this 
can deduced that the c.d. 


local cathode will rise rapidly the 
edge the electrode approached; 
the relation between the mean c.d. 
will thus not directly propor- 
tional the area unless this large, 
but will greater, the smaller the 
area and the greater the perime- 
ter/area ratio. 


Effect Distribution and Disper- 
sity Local Cathodes the Rate 
Corrosion Under Conditions 
Oxygen Depolarization. Tom- 
ASHOV, Compt. rend. (Doklady) 
Abs., 12, 254 (1945) Aug. 

Experimental support presented 
for the conclusion that total current 
across piece corroding metal 
having cathodic inclusions will de- 
pend their size and dispersion. 
point reached where the disper- 
sion the cathodic surface 
great that oxygen streams the 
cathodic parts the mosaic surface 
which longer overlap, 
total current then remains constant. 


the Hydrogen Overvoltage 
Lead Cathode Concentrated 
Acid Solutions. Zhur. Fiz. 
19, No. 117 (1945) (in Rus- 
sian); Inst. Metals Metall. 
Abs., 12, 331 (1945) Oct. 

The hydrogen overvoltage was 
measured lead cathodes hy- 
hydrobromic 
(1-8.5N), perchloric (1-11.6N), and 
sulfuric acids (0.1-20N). The results 
given the form Y-log curves 
show that: (a) the overvoltage de- 
creases with increased acid concen- 
tration, this effect being less the 
oxidizing acids, and (b) with the 
there sudden decrease the 
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overvoltage. The first effect can 
explained increased discharge 
hydrogen, while the second effect 
due the presence depolariz- 
ing agents. 


Investigation the Electro- 
chemical Series from the Point 
View the Series Rules. 
TANANAEV, Trudy Vsesoyuz. Konf. 
Anal. Khim., 297 (1943) (In Rus- 
sian); Inst. Metals Metall. 
Abs., 12, 222 (1945) July. 

order study the accuracy 
the general oxidation-reduction rule, 
the behavior series metals 
when immersed solutions vari- 
ous metallic chlorides, sulphates, 
and nitrates was investigated. Cer- 
tain the metals were also studied 
basic solutions. The results are 
given the form tables; these 


include many exceptions the gen- 
eral oxidation-reduction rule. 


Ionization the Gas Space Dur- 
ing the Corrosion Amalgamated 
Compt. rend. (Doklady) 
(1940) Inst. Metals Metall. 
Abs., 12, 251 (1945) Aug. 

inserting amalgamated pure 
aluminum sheet and single alumi- 
num crystals into electrometer, 
found that corrosion accom- 
ambient air 10-100 times the nor- 
mal residual value. The ionization 
positive, and cannot caused 
mercury because introduction 
mercury vapor into the chamber 
(containing only dry air) causes 
reduction the normal charge. 


CATHODIC PROTECTION CORROSION 


Pipe-line companies and others having underground corrosion 
problems are offered time-saving assistance through: 


Graybar Specialists, cooperating with engineers leading 
Graybar Suppliers, for consultation. 


The facilities eighty-six strategically-located Graybar 
warehouses, for fast-action service bringing together 
the required equipment and materials. 


For further information concerning Electrical Construction ma- 
terials protective installations, call write Graybar, head- 


quarters for “Everything Electrical.” 


ELECTRIC COMPANY 


Over Principal Cities 
EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK 17, 
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Supplemental listing, containing changes address, corrections 
and additions since publication December, 1945, issue. 


ALABAMA 


BIRMINGHAM 
Yeldell, J. W. 
Southern Natural Gas Co. 
P. O. Box 2563 
WILSON DAM 
Tait, Emmitte P. 
Process Development 
Division 
Department of Chemical 
Engineering 
Tennessee Valley Authority 


CALIFORNIA 


LONG BEACH 
Downey, Allen J. 
Richfield Oil Corporation 
P. O. Box 470 
Kartinen, Ernest O. 
2501 Willow Street 


LOS ANGELES 
Scott, Gordon N. 
Consulting Engineer 
555 South Flower Street 
Stauffacher, E. R. 
So. Calif. Edison Co, Ltd. 
P. O. Box 351 
Stevenson, Ralph Austin 
641 Gibbons Street 


OAKLAND 
Knopp, Harold P, 
Electrical Facilities, Inc. 
4224 Holden Street 


COLORADO 


DENVER 
Burnett, Graydon E. 
Bureau of Reclamation 
New Custom House 
Gilliland, John L. Jr. 
Bureau of Reclamation 
Customhouse 


GEORGIA 


ATLANTA 
Hereford, Arthur J. 
International Engineering 
Cc 


0. 
465 Ponce de Leon Ave. 


NE. 
Winters, B. W. 
Southeastern Pipe Line Co. 
718 Forsyth Bldg. 


ILLINOIS 


BROOKFIELD 
Hart, Morris B, 
4411 Du Bois 
CHICAGO 
Boberg, Irving E. 
Chicago Bridge & Iron Co. 
1305 West 105th Street 
Clancy, J. J. 
Wailes Dove-Hermiston 
Corp. 
105 West Adams Street 


Goldsby, Fred L. 


Chicago Bridge & Iron Co. 


1305 West 105th Street 
Greve, Lyman F. 


Commonwealth Edison Co. 


Room 718, 
72 West Adams Street 
Lieber, Eugene 
Nox-Rust Chemical Corp. 
2429 South Halsted Street 
. MeDonald, Hugh J. 
Corrosion Res. Lab. 
Illinois Institute of 
Technology 
3300 Federal Street 
Shoan, Raymond A, 
Dearborn Chemical 
Company 
1029 West 35th Street 
Starmann, George H. 
2537 West Taylor Street 
Strothman, E. P, 
A. O. Smith Corp. 
310 South Michigan Ave., 
Room 814 
Van Loo, Maurice 
The Sherwin-Williams 
Company 
115th Street & Cottage 
Grove Ave. 
EAST ST. LOUIS 
Heideman, William 
Socony-Vacuum Oil Co., 
Inc. - 
South 20th Street 


KANSAS 


LIBERAL 
Graber, Waldo E. 
Panhandle Eastern Pipe 
Line Company 
P. O. Box 979 
MANHATTAN 
Rohrman, F, A. 
Kansas State College 
WICHITA 
Begole, Edgar Ray 
2022 North Green Street 
Stephens, E. H. 
Westinghouse Electric 
Corporation 
233 South St. Francis 


KENTUCKY 


CATLETTSBURG 
Bruner, Max 
Ashland Oil & Refining Co. 
Leach Plant 


LEXINGTON 
Coffinberry, Arthur S. 
University of Kentucky 
Dept. of Metallurgical 
Eng’g. 


LOUISIANA 


BATON ROUGE 
O’Brien, Paul 8S. 
Apt. 4, 630 Laurel Street 


MONROE 
Givens, Allen T. 
Southern Gas Line, Inc. 
P. O. Drawer 1562 
NEW ORLEANS 
Besse, Celestine Paul 
The California Company 
1818 Canal Building 
SHREVEPORT 
Atkins, Emery Loe 
United Gas Pipe Line 
Company 
P. O. Box 1407 
Babcock, L. F. 
Arkansas Fuel Oil Co. 
Slattery Building 
Broome, W. A. 
Arkansas Louisiana Gas 


Co. 

Slattery Building 
Cushman, George A. 

United Gas Pipe Line Co. 

P. O. Box 1407 
Griggs, Henry P. 

857 Stephenson Street 
Holcombe, Tom L, 

4721 Thornhill Avenue 
Schlather, Max F. 

United Gas Pipe Line Co. 

P. O. Box 1407 
Spinks, Lee N. 

United Gas Pipe Line Co. 

P. O. Box 1407 


MARYLAND 


BETHESDA 
Farrar, Walter B. 
5011 Elm Street 


MASSACHUSETTS 


QUINCY 
Mosher, Lloyd Malcolm 
Bethlehem Steel Corp. 
Shipbuilding Division 
SOUTH BOSTON 
Sherwood, William C. 
Hersey Manufacturing Co. 
E & Second Streets 


MICHIGAN 


MIDLAND 
Hunter, Ralph H. 
1108 East Park Drive 
Robinson, Melvin O. 
Dow Chemical Company 
Yarrington, Donald M. Jr. 
Dow Chemical Company 
Physical Research 
Laboratory 


TRENTON 
Hickey, Robert Percy 
Socony-Vacuum Oil Co., 
Ine. 
West & Allen Roads 
WAYNE 
Letson, J. E. 
4500 Treadwell Road 
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and DOUBLE WRAPS 


one operation! 


This new J-M machine 


UBLE COATS 


Crutcher-Rolfs-Cummings Houston. 


Here’s the way get protection 


for your pipelines double-quick time! 


ingenious J-M machine al- 
ternately applies two layers 
Johns-Manville Asbestos Felts and 
two coats enamel give protec- 
tion against severe corrosive con- 
ditions. 

Pioneers the manufacture and 
application asbestos wrappings 
has gone step 
further with this new machine. 


Pipeline Felts 


The J-M Coating and Wrapping 
Machine can save time and money 
for you, just J-M Asbestos Pipe- 
line Felts safeguard the enamel 
your lines against soil stress and 
distortion. For further informa- 
tion, write Johns- 
Manville, East 40th 
Street, New York 16, 


JOHNS -MANVILLB 


PRODUCTS 


This machine was especially developed for J-M 
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MISSOURI 


CARTHAGE 
Carmichael, J. D. 
P. O. Box 576 
KANSAS CITY 
Riseling, Theodore M. 
1210 Commerce Building 


NEBRASKA 
HASTINGS 
Hill, Leonard Clarence 
Kansas-Nebraska Natural 
Gas Co., Inc. 
300 North St. Joe 


NEW JERSEY 
CRANFORD 
Aldrich, Comdr. Harold L. 
25 Central Avenue 
ELIZABETH 
Fyke, F. C. 
Standard Oil Development 
Co. 
P. O. Box 37 
NORTH ARLINGTON 
Eberhardt, Ernest Theodore 
Subox, Inc. 
348 River Road 
PATERSON 
Garrison, V. L. 
Okonite Callender Cable 


Co. Inc. 
730 21st Avenue 
NEW YORK 


BRIARCLIFF MANOR 


Glass, Hyman Frank 
Centro Res. Laboratories, 
Inc. 
Brandywine, Sleepy Hollow 
Road 
NEW YORK CITY 


Bagnell, William E. 
Ebasco Services, Inc. 
2 Rector Street 
Church, Herbert M. Jr. 
Lead Industries 
Association 
420 Lexington Avenue 
Dewey, Wm. 8. 
New York Telephone Co. 
Room 1325, 140 West 
Street 
Pettee, Allen D. 
General Cable Corporation 
420 Lexington Avenue 


Rhodes, George I. 
Ford, Bacon & Davis, Inc. 
39 Broadway 


Rinehart, Evan 
Johns-Manville 
22 East 40th Street 
Rose, Wm. Jr. 
The Aquatec Corporation 
545 Fifth Avenue 


Ruffing, Frank M. 
Dow Chemical Company 
30 Rockefeller Plaza 
Thalmann, E. H. 
Ebasco Services, Inc. 
2 Rector Street 


Van Houten, Leslie 
American Telephone & 
Telegraph Co. 
Room 655, 
140 West Street 


Vanick, James 
International Nickel Co. 
67 Wall Street 

Voight, Lorraine R. (Miss.) 
International Nickel Co. 
67 Wall Street 


ROCHESTER 


Branson, Edward H. 
General Railway Signal Co. 
801 West Avenue 


ROME 
Lynes, Wilson 
Revere Copper & Brass 
Inc. 


STATEN ISLAND 
Van Vliet, R. 
New York and Richmond 
Gas Co. 
691 Bay Street 


OHIO 


CINCINNATI 
Pfeiffer, Milton J. 
The Cincinnati Gas & 
Electric Co. 
P. O. Box 960 
CLEVELAND 
Carson, John H. 
The East Ohio Gas Co. 
1405 East Sixth Street 
Schultz, Wayne H. 
Hill, Hubbell Co. Div. 
General Paint Corp. 
3091 Mayfield Road 
Young, Robert 
Hill Hubbell & Co. Div. 
General Paint Corp. 
3091 Mayfield Road 


COLUMBUS 
Haase, Harold F. 
473 King Avenue 
Pray, H. A. 
Battelle Memorial Institute 
505 King Avenue 


DAYTON 
MacDonald, Forrest Ranald, 
2nd 
Electro-Rustproofing 
Corporation 
1026 Wayne 


FINDLAY 
Slough, Ralph M. 
The Ohio Oil Co. 
539 South Main Street 


MIDDLETOWN 


Beam, Russell C. 
Armco Drainage & Metal 
Prod. Inc. 


OKLAHOMA 


BARTLESVILLE 


Neill, James P. 
H. C. Price Company 


OKLAHOMA CITY 


Blair, John V. 
Sinclair Prairie Oil Co. 
703 Colcord Bldg. 
Haltom, J. Myrl 
Dearborn Chemical Co. 
Route 2, Box 242 
Raymond, Gwynne 
Black, Sivalls & Bryson 
Box 1714 


TULSA 


Fulton, Walter B. 
Interstate Oil Pipe Line 
Co. 
Room 830, National Bank 
of Tulsa Bidg. 
Donald Blake 
Texas Pipe Line Co. 
Box 2420 
Kelly, R. W. 
Dearborn Chemical Co. 
208 Midco Bldg. 
MeNulty, Frank E. 
Wailes Dove-Hermiston 
Corp. 
310 Thompson Bldg. 
Stivers, F. A. 
The Texas-Empire Pipe 
Line Co. 
Box 2420 


PENNSYLVANIA 


BRIDGEVILLE 
Fulton, Laverne 
Universal-Cyclops Steel 
Corp. 
Station Street 
EAST PITTSBURGH 
Holler, Homer D. 
Westinghouse Electric 
Corp. 
Research Laboratories 
GAP 
Conway, Martin J. 
Consulting Engineer 
Hill Top Farm 


HATBORO 
Berkenstock, H. R. 
—~ & Mander Stove 
0. 
Jacksonville Road 
PALMERTON 
Anderson, Edmund Arnold 
Central Laboratory 
The New Jersey Zinc Co. 
of Penna. 
Nelson, Harley A. 
Technical Department, 
The New Jersey Zinc Co. 
PHILADELPHIA 
Lynch, Robert H. 
260 South Broad Street 
Sheen, Robert T. 
Milton Roy Pumps 
1300 E. Mermaid Avenue 
Van de Water, Donald F. 
Susquehanna Pipe Line Co. 
1608 Walnut Street 
Welker, John W. 
Milton Roy Pumps 
1300 E. Mermaid Avenue 
Wight, Kent Mansfield 
American Gas Association 
1608 Walnut Street 
Wilson, Percy 8S. 
The Gregg Co., 
1418 Walnut Street 
PITTSBURGH 


Cox, Edwin 8. 
The Bell Telephone Co. of 
Penna. 
416 Seventh Avenue 
SWARTHMORE 
Pearson, John M, 
219 Cornell Avenue 
VANDERGRIFT 
Larrabee, C. P. 
Corrosion Research Lab. 
Carnegie-Ill. Steel Corp. 
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CONQUER CORROSION 


with these products, designed aid you your war against its destructive 
effects. offer you complete corrosion protection for all kinds above 
and below ground piping and every type industrial structure. 


“BITUMASTIC” HOT APPLIED PIPE LINE COATING 
COLD APPLIED COATING AND PAINTS 
“PHILIP ASBESTOS PIPE LINE FELT 
CATHODIC PROTECTION UNITS—HOLIDAY DETECTORS 


Texas-Louisiana Agent and Distributor for Wailes Dove-Hermiston 
Corp. Philip Carey Mfg. Co. Angier Corp. 


JAMES 


506 Building Telephone Charter 4-5265 
HOUSTON TEXAS 


ACIPCO PIPE RESISTS CORROSION 


Mono-Cast Centrifugal Cast Iron Pipe 
High resistance Soil Corrosion 


GAS LINES 


WATER LINES 
Used extensively for: SEWER LINES 


LINES 
FOAMITE LINES, ETC. 


CONDENSER COILS 


PLAIN CARBON 


Centrifugally Cast Steel Tubes HIGH ALLOY, including 
18/8 25/20 CHROME-NICKEL 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM ALABAMA 


~ ta. pas 
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TEXAS 


AMARILLO 
Wagner, E. C. 
Amarillo Oil Company 
P. O. Box 151 


AUSTIN 
Harrell, David Jr. 
Consulting Engineer 
Bowman Road 
Troupe. Ralph A, 
Apt. 1, 
710 West 24% Street 
BAYTOWN 
Comeaux, Roy V. 
Humble Oil & Refining Co. 
Baytown Refinery 


CARTHAGE 
Stanton, W. L. 
Carthage Field Engrg. 
Committee 
Box 312 


COLORADO CITY 
Lain, Albert Eugene 
Shell Pipe Line Corp. 
Mitchell, E. B. 
Shell Pipe Line Corp. 


CORPUS CHRISTI 
Reeb, Fred C. 
Pipe Line Service Corp. 
P. O. Box 578 


DALLAS 
Curtis, Darwin A. 
Revere Copper & Brass Co. 
1314 Tower Petroleum 
Bldg. 
Delf, Leslie E. 
919 South Ervay Street 
Levy, David Henry 
Magnolia Pipe Line Co. 
Box 900 
McCarthy, Robert A, 
6246 Woodland Drive 
Wahilquist, K. D. 
Dow Chemical Company 
6281 Revere Place 
EDNA 
Holloway, J. A. 
P, O. Box 127 
EL PASO 
Paret, Milnor P. Jr. 
Pasotex Pipe Line Co. 
P. O. Box 1022 
Perkins, C. L. 
El Paso Natural Gas Co, 
P. O. Box 1492 
Wainman, L. G. 
El Paso Natural Gas Co. 
Box 1492 


FORT WORTH 
Sparks, Robert E. 
Sinclair Refining Co. 
Pipe Line Dept. 
901 Fair Bldg. 


FREEPORT 

Clere, Milton 
1407 West 4th Street 

Muery, Samuel Jacob Jr. 
Freeport Sulphur Company 
P. O. Drawer A 

Osborn, Oliver 
615 West 4th Street 


GOOSE CREEK 
Viles, Prentiss S. 
416 West Gulf Street 


HOUSTON 
Anderson, Hallam Hans 
Shell Pipe Line Corp. 
1217 Shell Bldg. 
Bull, Irving Stuart, Jr. 
The Texas Pipe Line 
Company 
Box 2332, Room 821 
Clark, Hezzie 
Humble Pipe Line Co. 
P. O. Drawer 2220 
Guinn, C. F. 
Tidal Pipe Line Co. 
Box 1404 
Harris, Jack W. 
Cameron Iron Works, Inc. 
711 Milby Street 
Heinen, Lawrence Emil - 
Tube-Kote, Inc. 
2520 Holmes Road 
King, Glenn W. 
Brance-Krachy Co. Inc. 
4411 Navigation 
Leonardon, Eugene Gilbert 
Schlumberger Well 
Surveying Corp. 
P. O. Box 2175 
Loeffler, John Edward 
Thornhill Craver Company 
P. O. Box 1184 
Lomax, Orville Q. 
Humble Pipe Line Co. 
P. O. Drawer 2220 
McRaven, C. H. 
1817 Morse Street 
Maccallum, A. F. 
2508 Reba Drive 
Mathews, Harvey Wendell 
Standard Oil Company of 
Texas 
1600 Petroleum Bldg. 


Mavor, James E. 

514 M. & M. Bidg. 
Means, Ben H. 

1102 W. Gardner 


Pecore, Albert E. 
Humble Pipe Line Co. 
P. O. Drawer 2220 

Roderick, Richard 
Tennessee Gas & 

Transmission Co. 
Box 2511 

Ross, George T. 

Houston Natural Gas Corp. 
203 Petroleum Bldg. 

Sheppard, Lyle R. 

Shell Pipe Line Corp. 
P. O. Box 2648 


Smith, Thad, Jr. 
Bridgeport Brass Co. 
P. O. Box 2103 

Williams, P. F. 

Pan American Pipe Line 
Co. 

12th Floor Mellie Esperson 
Bldg. 

Yates, Joseph Perkins, Jr. 
Eastern States Petroleum 
Oo.,. Inc. 

Box 5008 


LUFKIN 
Porter, Cover C, 
Southland Paper Mills 
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PORT ARTHUR 
Strawn, Lynn Rudolph 
The Texas Company 
SAN ANTONIO 
McDonald, Herschel C. 
United Gas Pipe Line Co, 
P. O. Box 421 


UTAH 


SALT LAKE CITY 

Brough, Harry R. 
Mountain Fuel Supply Co. 

36 South State 


VIRGINIA 


ALEXANDRIA 
Leas, A. Robert 
922 South Washington 


WYOMING 
CASPER 
Krueger, Louis T. 

Northern Utilities Co. & 
North Central Gas 
Company 

441 South Center Street 


CANADA 


SHAWINIGAN FALLS, P. Q. 
Shaw, George 
Shawinigan Chemicals, Ltd. 
TORONTO, ONTARIO 
Thomas, John Frederick 
James 
Steel Pipe Research 
Institute 
1305 Metropolitan Bldg. 
Victoria Street 


ENGLAND 
LONDON 


Kelly, Michael Everitt 
Anglo-Iranian Oil 
Company, Ltd. 
Britannic House, Finsbury 
Circus 


PANAMA 


CANAL ZONE 
Amador, Frank J. 
The Panama Canal 
Box No. 9, 
Diablo Heights 


PUERTO RICO 


HATO REY 
Badrena, Fernando, Jr. 
Phosphate & Acid Works 
Div. 
Ochoa Fertilizer Corp. 
P. O. Box 117 


SOUTH IRAN 


ABADAN 
Ross, Kenneth Brebner 
Anglo-Iranian Oil 
Company, Ltd. 


VENEZUELA 


MARACAIBO 
Brannan, Albert Ira 
Mene Grande Oil Co. 
Apartado 234 


| 


ASSOCIATION CORROSION ENGINEERS 


Pipe Line Cathodic Protection 


The New 1946 model Jacobs Wind 
Electric Pipe Line protection plant 
represents years development 
and proven dependability pipe lines 
throughout America. Hundreds 
service. Maximum output 
winds, because its larger propeller, 
extremely low annual maintenance 
cost, operating fuel expense. 


WRITE FOR LITERATURE. 


The JACOBS Wind Electric Company, Inc. 


Pipe Line Division, MINNEAPOLIS 11, MINNESOTA 


back from years TOUGH? Navy duty... 
planning big convention and hoping 
see you 

You bring your RECTIFIER inquiries (or com- 
plaints) and bring our special prices (and 

What haven’t forgotten about Cathodic Pro- 
bigger, better and almost strange N.A.C.E. 


sure need your help. 
GLENN KING 


Inc. 
RECTIFIERS FOR CATHODIC PROTECTION 
HOUSTON, TEXAS 
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WHY THE HARD WAY? 


LOCATE YOUR UNDERGROUND PIPE LINES 
INSTANTLY AND ACCURATELY WITH THE 


SCOPE 


Pipe and Cable Locator 


This instrument enables the operator plat any metallic sub-surface structure more 


accurately than possible mapping. 


The VIBROSCOPE does not require any physical connection with the pipe system. 

Any metal line can and traced whether not its course known. All 
connections can indicated and the depth any line determined. The instrument can 
detect and exactly center lines minimum depth fifteen feet. 

Descriptive matter will sent upon request. 


Also the LEAK VIBROSCOPE 


VAN WILKINS 


167 Orange Drive 


Los Angeles 


CALIFORNIA 


Index Advertisers 


Allied Chemical Dye 
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American Hot-Dip Galvanizers 
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pipe line equipment 


offered the industry has been de- 
veloped from scratch our organi- 
zation. Never has single idea been 
taken from outside sources. Con- 
stant research over period 
years has developed CRC pipe line 
construction equipment that 
amounts one the major steps 
the progress the industry 


exclusively serve. 


Pipe Line Equipment and Materials 


lace 


teria 


ing 


insulat 


ice 


One Product—One Serv 


TEARNS 


LOUISIANA 


